Nova Southeastern University

NSUWorks
Department of Physical Therapy Student
Theses, Dissertations and Capstones

Department of Physical Therapy

2020

Can A Prescribed Walking Program with or without Monitoring
Impact Dizziness in the Older Adults? A Pilot Study
Amie Marie Jasper
Nova Southeastern University

Follow this and additional works at: https://nsuworks.nova.edu/hpd_pt_stuetd
Part of the Physical Therapy Commons

All rights reserved. This publication is intended for use solely by faculty, students, and staff of
Nova Southeastern University. No part of this publication may be reproduced, distributed, or
transmitted in any form or by any means, now known or later developed, including but not
limited to photocopying, recording, or other electronic or mechanical methods, without the prior
written permission of the author or the publisher.
NSUWorks Citation
Amie Marie Jasper. 2020. Can A Prescribed Walking Program with or without Monitoring Impact
Dizziness in the Older Adults? A Pilot Study. Doctoral dissertation. Nova Southeastern University.
Retrieved from NSUWorks, College of Health Care Sciences - Physical Therapy Department. (188)
https://nsuworks.nova.edu/hpd_pt_stuetd/188.

This Dissertation is brought to you by the Department of Physical Therapy at NSUWorks. It has been accepted for
inclusion in Department of Physical Therapy Student Theses, Dissertations and Capstones by an authorized
administrator of NSUWorks. For more information, please contact nsuworks@nova.edu.

CAN A PRESCRIBED WALKING PROGRAM WITH OR WITHOUT MONITORING
IMPACT DIZZINESS IN THE OLDER ADULTS?
A PILOT STUDY

By

Amie Marie Jasper, DPT, GCS, NCS

A Dissertation Study submitted to
the College of Health Sciences
Health Profession Division
Physical Therapy Department

In partial fulfillment of the requirements
for the Doctor of Philosophy in Physical Therapy
at Nova Southeastern University

February 2020

Approval/ Signature Page
We hereby certify that this dissertation, submitted by Amie Marie Flores Jasper, conforms to
acceptable standards and is fully adequate in scope and quality to fulfill the
dissertation requirement for the degree of Doctor of Philosophy in Physical
Therapy.

____________________________________________________
Dr. Mary Blackinton, PT, EdD
Chairperson of Dissertation Committee

________________________
Date

____________________________________________________
Dr. Joann Gallichio, PT, DSc
Member, Dissertation Committee

________________________
Date

____________________________________________________
Dr. Ann Galgon, PT, PhD
Member, Dissertation Committee

________________________
Date

Approved:

____________________________________________________
Dr. M. Samuel Cheng, PT, MS, ScD
Director, Physical Therapy Ph.D Program

________________________
Date

____________________________________________________
Dr. Shari Rone-Adams PT, MHSA, DBA
Chair, Department of Physical Therapy

________________________
Date

____________________________________________________
Dr. Stanley H. Wilson, PT, EdD, CEAS
Dean and Associate Professor
2020

________________________
Date

ii

Abstract
Background. Dizziness, a common complaint among older adults, is associated with multiple
falls, loss of function and independence, and reduced balance confidence. The Clinical Practice
Guideline for Peripheral Vestibular Hypofunction recommends walking for endurance as a
component of vestibular rehabilitation (VR). However, studies on VR in the older adults do not
include walking in the intervention.
Research Design: 1) A pragmatic, randomized, experimental design to evaluate the impact of
walking on vestibular outcomes, length of stay, and number of visits, and to examine whether
pedometers increase the adherence of older adults with vestibular issues to a walking program; 2)
a descriptive design to determine test-retest reliability of the TUG in older adults with vestibular
issues; and 3) a correlational, retrospective design to determine if TUG, DGI, and MCTSIB are
significant predictors of DHI.
Results: A total of 17 participants met the inclusion and exclusion criteria and elected to
participate. The walking group (mean age 80.40 years) had 11 participants while the control
(mean age 76.20 years) had 6 participants. Five participants used pedometer-based walking
(VRWP) and six participants used time-based walking (VRW) in the walking group. A
significant between-group difference was found on the DHI (mean difference walking group
20.60, control group 3.2, P=0.04). The walking group significantly improved on MCTSIB
(P=0.03), TUG (P=0.05), DGI (P=0.01) and DHI (P=0.01) while the control group improved on
TUG (P=0.04) only. The length of stay and number of visits were not significantly different
between both groups. No between and within group difference was found on IPAQ-Walk and
IPAQ-Total.
The TUG had excellent test-retest reliability (ICC 0.98), with SEM of 0.33seconds and 95%
MDC of 0.92seconds, while the DHI had a moderate inverse correlation with mCTSIB (-.381)
and DGI (-.322), and a fair correlation with TUG (0.396). The MCTSIB, TUG and DGI
accounted for 10% of the variance in the DHI, however, this relationship was not found to be
significant (P=0.25).
Conclusions. A prescribed walking program in vestibular rehabilitation significantly improved
outcomes on the DGI, DHI and MCTSIB when compared to VR alone in this pilot study. The
TUG significantly improved in both groups. It did not impact the length of PT interventions and
number of visits. Giving pedometers and instruction for daily walking to patients with vestibular
problems increased overall walking and physical activity compared to those patients who only
received instructions to walk without a pedometer. The test-retest reliability of the TUG for older
adults with dizziness is equivalent to that of older adults without dizziness. The TUG test, DGI
and mCTSIB test are not strong predictors of scores on the DHI for older adults with vestibular
dysfunction. This study should be replicated as a large, multi-site trial to overcome the
limitations of a small sample size.
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Chapter 1 Introduction
Introduction to the Chapter
Dizziness is a common complaint reported by 30% of people above 65 years of age and
by more than 50% of those 90 years of age and older.1 The incidence increases with age because
of the deterioration of the vestibular system. Age-related changes in the vestibular system are
characterized by degeneration of vestibular receptors, decrease nerve conduction of vestibular
nerve,2 aging otolithic membrane, alterations in calcium metabolism and microvascular
ischemia.3 Disorders of the vestibular system are responsible for 40 to 50% of dizziness, and
peripheral vestibular disorders in older adults are common.4 Aside from vestibular sources,
dizziness can be from nonvestibular sources that include, but not limited to, sensory loss,
psychiatric and cardiovascular disorders, and adverse drug effects.5 The majority of older adults
with dizziness who live in the community have more than one underlying causes of dizziness.6
Rotational sensation or vertigo is one of the four types of dizziness. The other types are
impending faint, disequilibrium, and vague lightheadedness. Vertigo results from a disorder of
the vestibular system.7 It is often accompanied by nausea, vomiting, staggering gait, and
oscillopsia.5 It can be from a peripheral or central origin, or mixed. Peripheral vestibular
conditions that could affect the older adults include acute or recurrent vestibulopathy, Meniere's
disease, unilateral or bilateral vestibular dysfunction, benign paroxysmal positional vertigo
(BPPV), and postsurgical conditions affecting the vestibule or vestibular nerve. Patients with
central causes of vertigo are harder to treat4 because of concomitant signs and symptoms aside
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from the complaints of dizziness. Parkinson's disease (PD), Multiple Sclerosis (MS), head
injuries and cerebrovascular disorders can be central causes of vertigo or dizziness.4
Overview of the Problem
Age-related declines in vestibular, musculoskeletal, and neurologic performances
compounded by a vestibular pathology can result to debilitating physical and psychological
consequences. Dizziness is associated with an increased risk of falls.8 Medical conditions such as
unilateral and bilateral vestibular deficits produce unsteadiness of gait associated with head
turns, walking in the dark, or walking on uneven surfaces.5
According to Menant and colleagues, community-dwelling older adults with dizziness
have higher rate of falls.9 Dizzy older adults were 1.6 times more likely to experience multiple
falls (RR1.55, 95% confidence interval 1.08-2.23).9 Liston and colleagues found that
community-dwelling older adults experiencing multiple falls have peripheral vestibular
dysfunction.8
Research indicates dizziness is independently associated with disability in the aged. The
components of disability in the study conducted by Mueller and colleagues were limitations in
social participation and activities of daily living. Patients with dizziness have restrictions in
functional independence indoors and outdoors. Walking in and outside the home is a mobility
issue due to actual and perceived balance problems. This disabling condition is often
accompanied by depression and anxiety.10
Dizziness can cause physical inactivity. Aside from being a risk factor for falls, the fear
of falling or anticipation of a dizziness episode limits mobility.11 Physical inactivity leads to a
further reduction in vestibular function. Regular physical activity stimulates or maintains gaze
control and posture stabilization in the older adults.12 Therefore, the lack of mobility may lead to
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a decrease in responsiveness in the neurosensory systems. Vestibular disorders can also
significantly decrease balance confidence.13 The cycle of activity restriction can bring about
sedentary lifestyle, which further hastens deconditioning, frailty, and disablement in the older
adults.11 People with dizziness may have low quality of life from the consequent loss of function
and independence, however; there is currently no research on interventions to increase physical
activity in older adults with dizziness.
Dondzila et al found that older adults who considered themselves physically active
actually walk more than those who do not rate themselves as physically active.14 The Physical
Activity Guidelines for Americans recommend 150 minutes each week of moderate intensity
aerobic activity or 75 minutes each week of vigorous intensity aerobic activity.15 The Centers for
Disease Control and Prevention (CDC) reported that “1 out of 5 adults (21%) meet the 2008
Physical Activity Guidelines”.16 For older adults, the threshold amount of physical activity
associated with better physical health is >8000 steps/day and/or >20min/day at an intensity of >3
Metabolic Equivalent (METS) and for better mental health, >4000 steps/day and/or >5min/day at
>3METS.17 Men aged 65-69 years performed the highest steps per day (>9,126 steps/day) and
women aged 85+years were in the lowest category of steps per day (<276 steps/day).18
Currently, 10,000 steps per day is a widely promoted dosage-based walking program. In
older adults, increased lower and upper body strength, endurance, lower body flexibility, and
agility/balance were significantly and positively associated with walking 6500 or more steps per
day.19 Low-activity, non-depressed older adults were able to maintain and/or improve their
mental health.20 High volume of steps led to an increase in the Timed Up and Go (TUG) score,
30-second leg lifts and 2-minute walking distance.21
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Because of the detrimental effects of a sedentary lifestyle, interventions to increase
physical activity are a public health priority.22 There are many instrument available to track the
amount of physical activity of an individual subjectively and objectively.23 A self-report physical
activity questionnaire is a cost-effective method to obtain physical activity data. The
International Physical Activity Questionnaire (IPAQ) is the most commonly used physical
activity questionnaire worldwide. It has two versions, a 31-item long form and the nine-item
short form. The short form records the amount of time spent in sitting, walking, moderate- and
vigorous-intensity activities in the last 7 days. IPAQ was used in healthy older adults24,25 but not
in people with vestibular dysfunctions or older adults with dizziness.
Vestibular Rehabilitation (VR) is a program consisting of exercises designed to address
the impairments, functional limitations, and disability from vestibular hypofunction. Walking for
endurance is cited as one of the components of vestibular rehabilitation in the “Clinical Practice
Guideline for Peripheral Vestibular Hypofunction” together with gaze stability, habituation, and
balance training.26 Aside from the general conditioning value of walking as an exercise, walking
develops or maintains the efficiency of the two vestibular reflexes, consisting of the
vestibulospinal and vestibuloocular reflexes involved in postural control.12 Walking involves
sensory integration of inputs from visual, vestibular and somatosensory for controlled translation
of the center of gravity. In addition, walking is a form of physical activity accessible to all
persons regardless of socioeconomic status. Although walking can offset the avoidance of
physical activity from symptom provocation, no direct evidence has been found to support the
effect of walking on postural and dynamic stability, function, and participation in people with
dizziness.26
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To evaluate the effectiveness of vestibular rehabilitation, various outcome measures have
been reported in the literature. Guided by the International Classification of Functioning,
Disability and Health (ICF) as the biopsychosocial model, The Academy for Neurologic Physical
Therapy created The Vestibular Evidence Database to Guide Effectiveness (VEDGE) task force
that evaluated the domains targeted in vestibular rehabilitation namely: body structures and
functions (postural stability, dynamic stability, gaze stability, VOR function), activity and
participation restrictions and symptom severity. Among the outcome measures recommended by
the task force are the Dynamic Gait Index (DGI), TUG tests, and Modified Clinical Test of
Sensory Integration of Balance (mCTSIB) for postural or dynamic stability, and the Dizziness
Handicap Inventory (DHI) for activity or participation for the general vestibular population.27
The TUG test assesses balance, walking ability, and fall risk in older adults. The cut-off
scores indicating risk for falls have been established for community-dwelling older adults (13.5
seconds),28 frail elderly (32.6 seconds)29 and vestibular disorder (11.1 seconds).30 It was found
to have adequate to good psychometric properties and clinical utilities for acute, chronic, central
and peripheral vestibular disorder.27 Two cross-sectional studies tested the reliability of TUG in
older adults with dizziness. The first was by Marchetti and colleagues who found moderately
strong significant correlation between TUG and Activities-Specific Balance Confidence (ABC)
scale.31 Another study found significant negative correlation between TUG and the Mini Mental
State Examination in elderly patients with chronic peripheral vestibular disease.32 No studies to
date tested the test-retest reliability of the TUG in older adults with dizziness.
The DHI is a 25-item self-assessment questionnaire to evaluate perceived disability from
the dizziness.33 This outcome measure is at the level of participation on the ICF. The VEDGE
document reports that the DHI has a good to excellent psychometric properties and clinical
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utilities.27 It has an adequate correlation with the DGI, a tool that assesses balance while walking
in the presence of external demands,34 and TUG test in subjects with multiple sclerosis.35 The
DHI is also found to have excellent correlation with Sensory Organization Test (SOT) composite
score in individuals with vestibular neuritis.36 The SOT equipment is used to objectively measure
postural control but clinically, it is costly,37 time- and space-consuming. An alternative test that
was developed for postural control is the mCTSIB,37 which is more practical than the SOT. In a
study conducted by Whitney and Wrisley on mCTSIB, an abnormal mCTSIB has shown scores
indicating greater amount of impairment in the DHI.38 The predictive validity of TUG, DGI, and
mCTSIB on disability as shown by DHI has not been established in older adults with dizziness.
Purpose of the Study
There are four purposes to this study. The primary purpose of this study is to evaluate the
impact of walking as an exercise component of VR on both primary and secondary vestibularspecific outcome measures. The primary outcomes in this study include DHI, DGI, TUG and
mCTSIB, while the secondary outcomes are the total number of visits and length of intervention
in weeks. The second purpose is to evaluate whether pedometers increase the adherence of older
adults with vestibular issues to a walking program. The third purpose of this study is to establish
test-retest reliability of the TUG test on older adults with dizziness. The fourth purpose of this
study to investigate if the TUG, DGI, and mCTSIB are significant and strong predictors of the
DHI in older adults with dizziness.
Relevance, Significance or Need for the Study
If a prescribed walking program in VR is beneficial in the treatment of dizziness, it may
also increase the level of physical activity among the older adults who are predisposed to
sedentary lifestyle and falls. Importantly, a prescribed walking program with or without a
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walking monitor would not add significant cost to VR and has other physiological benefits such
as improved cardiopulmonary endurance. Tracking walking using a step counters provides an
objective way to quantify the amount of walking, such that it can be determined whether there is
a critical number of steps needed to impact older adults with dizziness.
With the healthcare system placing more emphasis on prevention and quality-based
incentives, adding a pedometer to the walking program may be a cost-effective management for
improving compliance in older adults with dizziness. Pedometers have been found to increase
physical activity among community-dwelling older adults as shown in multiple studies.20,21,39-41
Physical therapists can play a pivotal role in establishing the walking program of
patients with vestibular dysfunction while under their care. Decreased mobility can result in a
fear of falling, which further decreases mobility.42 Physical therapists can also educate patients
experiencing acute or chronic dizziness especially those who are discouraged to move and are
fearful of falling. They can empower older adults with complicated medical history who may be
slow in recovery to continue their progress even after the completion of their physical therapy by
continuously engaging in a walking program.
The TUG, DGI, mCTSIB, and DHI are commonly used tests in vestibular rehabilitation.
Establishing the test-retest reliability of TUG in older adults with dizziness will aid physical
therapists in determining whether to select this test. Understanding the predictive validity of
TUG, DGI, and mCTSIB with the DHI in older adults with dizziness could guide physical
therapists to address the limitations in participations associated with dizziness.
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Research Hypotheses
There are four hypotheses associated with this study:
1. A prescribed walking program in vestibular rehabilitation will significantly improve the
primary and secondary vestibular-specific outcomes in older adults with dizziness when
compared to VR alone.
2. Giving pedometers and instruction for daily walking to patients with vestibular problems will
significantly increase physical activity, as represented by MET-minutes/week scores from the
International Physical Activity Questionnaire (IPAQ) short form during the episode of care and
on four-week follow up, compared to those patients who only received instructions to walk
without a pedometer.
3. The test-retest reliability of the TUG for older adults with dizziness will be equivalent to that
of older adults without dizziness.
4. The TUG test, DGI and mCTSIB test will be significant and strong predictors of scores on the
DHI for older adults with vestibular dysfunction.
Summary
In summary, this chapter gave an overview of dizziness, its prevalence in the older adults,
the age-related changes that contributed to its incidence, the sources and the types of dizziness.
Dizziness is a common problem in an individual, institutional and societal level due to its
consequences. It can lead to increased risk for falls, disability and activity avoidance.
Vestibular rehabilitation is a program designed to address dizziness caused by vestibular
hypofunction. Walking is an important component of vestibular rehabilitation, as cited in the
Clinical Practice Guideline for Peripheral Vestibular Hypofunction, to counteract the effects of
physical inactivity from dizziness, however, we do not know what effect it has on individuals
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with dizziness. Two of the purposes of this study are to evaluate the effectiveness of a
standardized walking program in improving the vestibular-specific outcome measures and to
evaluate the effectiveness of pedometers in improving compliance in walking.
The TUG, DGI, DHI and mCTSIB are among the outcome measures recommended by
the Academy for Neurologic Physical Therapy to evaluate the effectiveness of vestibular
rehabilitation based on their psychometric properties and clinical utilities. The test-retest of the
TUG in older adults with dizziness will be explored in this study together with the predictive
validity of TUG, DGI and mCTSIB on DHI.
Definitions of Terms
Dizziness: a symptom that can be described as a sensation of spinning, visual blurring,
oscillopsia, and/or feeling off balance.14
Older Adults: persons with chronological age of 65 years or older.43
Predictive Validity: the degree of which a score predicts a future criterion score.44
Prescribed Walking Program: standardized walking activities, based on time or steps,
recommended by the therapist.
Test-Retest Reliability: used to establish that an instrument is capable of measuring a variable
with consistency.44
Vestibular Rehabilitation: clinical treatment involving specific exercises designed to eliminate or
significantly reduce dizziness symptoms, improve balance and reduce fall.13
Walking Group: Participants that were assigned a prescribed walking program, either walking
with pedometer or time based
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Chapter 2 Review of the Literature
Introduction to the Chapter
This chapter provides a background on the function of the vestibular system and the
consequences associated with vestibular dysfunction. The International Classification of
Functioning, Disability and Health (ICF) will be reviewed including the items in each domain
that are addressed in vestibular rehabilitation. The history of vestibular rehabilitation and its
theories will be described. Analysis of studies supporting vestibular rehabilitation for older
adults, conditioning program and the use of pedometer in conditioning programs will be
presented. Lastly, there will be discussions on test-retest reliability studies on Timed Up and Go
(TUG) test and predictive validity studies on Dizziness Handicap Index (DHI).
Abbreviated Review of Vestibular System Function
The vestibular system is a sensory system that has two functions: gaze
stabilization (vestibuloocular reflex or VOR) and postural control (vestibuloospinal reflex). The
VOR ensures clear vision during head movements. Gaze stability is maintained when head and
eye movement are equal and opposite.45 The vestibulospinal reflex maintains posture and
balance in relation to gravity, for postural corrections, with an overall result of avoiding falls.
The accuracy of postural response depends on the sensory integration on the cerebellum when it
combines inputs from vestibular system with visual and proprioceptive systems.45
Interventions for individuals with vestibular dysfunction should address and assess all
categories on the ICF. The ICF categories will be utilized in this work to describe interventions
and outcome measures. Vestibular dysfunction results in limitations in the standardized
categories identified in the ICF, consisting of body functions and structures (cellular and
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physiological levels), activity (tasks/skills), and participation (life roles).46 Performance of these
body functions is impaired when there is an affectation of the VOR and vestibulospinal reflexes.
Vestibular Rehabilitation
Vestibular physical therapy is defined as a program of exercises designed to either adapt
the VOR, habituate the person to movement, teach sensory substitution, or improve a person’s
balance/postural control.13 The use of exercises to enhance vestibular functions started in 1940
when it was introduced by Cawthorne and Cooksey.4 Cawthorne and Cooksey created a standard
protocol of progressive movements of head and neck, and balance exercises to reduce dizziness.
Vestibular rehabilitation evolved from the conventional Cawthorne and Cooksey protocol to
individualized program with goals of decreasing dizziness, increasing balance confidence,
decreasing the risk of falling, improving the function of the VOR, improving gait, switching
dependence on one sensory modality, enhancing walking mobility and endurance, and
decreasing anxiety.13
The theories underlying vestibular rehabilitation include vestibular adaptation,
substitution, and habituation. “Vestibular adaptation is considered the long-term changes in the
neural responses to head movements. The goal of adaptation is to normalize the eye responses in
the VOR.”26 Adaptation exercise for the VOR involves moving the head while keeping the eyes
on a target.13 Habituation is the repeated exposure to dizziness-provoking movements to reduce
the abnormal or heightened response to stimuli.4 Substitution on the other hand is a
compensatory strategy for severely damaged or absent vestibular function13 by using intact
sensory systems to assist in postural control,4 smooth pursuit, cervicoocular reflex, and saccadic
ocular motor functions.
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The American Physical Therapy Association’s (APTA) Academy of Neurological
Physical Therapy created an evidence-based Clinical Practice Guideline (CPG) to answer the
question “Is vestibular exercise effective at enhancing recovery of function in people with
peripheral vestibular hypofunction?” In the development of the clinical practice guideline,
studies on patients with peripheral vestibular hypofunction published in English after 1985 were
included. This systematic review determined that there is strong evidence to support the benefits
of vestibular physical therapy for acute, sub-acute, and chronic unilateral and bilateral vestibular
hypofunction. Eleven studies evaluated the influence of age and showed that increased age does
not significantly affect the potential for improvement in vestibular rehabilitation. Cliniciansupervised vestibular rehabilitation in the evaluated studies ranged from 2 to 38 weeks with a
mean of 10 weeks. As a general guide, vestibular rehabilitation should be provided once a week
for 2 to 3 weeks for patients with acute or subacute unilateral vestibular hypofunction, 4 to 6
weeks for chronic unilateral vestibular hypofunction, and 8 to 12 weeks for bilateral vestibular
hypofunction. Aside from the supervised visits, patients should be given a daily home exercise
program.26
Vestibular Rehabilitation with Older Adults
Studies conducted on vestibular rehabilitation with older adults showed less robust results
than those presented in the CPG. In a systematic review of nonpharmacological interventions for
persons aged 60 years old or older experiencing dizziness,47 five48-51 of the seven studies that met
the criteria used vestibular rehabilitation exercises as the main interventions. Significant
differences between intervention and control group were identified on Dynamic Gait Index
(DGI),49 standing on one leg with eyes closed, walking heel to toe,50 inflammation markers,51
and posturography.52 No significant differences were found on number of participants with
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remission of symptoms,48 DHI,50 and other outcome measures.49,50,52 Although age did not affect
the likelihood of improvement as shown in the CPG, the lack of sufficient evidence to support
nonpharmacological interventions could be from methodological limitations in these studies such
as small sample size, lack of adequate randomization and allocation concealment, and lack of
reporting of co-interventions, reason for dropouts and participant adherence.
In another systematic review on the effects of the vestibular rehabilitation in middle-aged
and older adults,2 5 of the 9 studies exclusively examined subjects over 60 years old.52-56 The
Cawthorne and Cooksey protocol was the most common experimental intervention. Since this
protocol is not individualized, there is an established limitation in the intervention. In two
studies, the Cawthorne and Cooksey exercises were given as a home exercise program,
compliance was not monitored or reported. Other interventions were balance group exercises,
vestibular rehabilitation combined with cognitive behavioral therapy (CBT), and vestibulo-ocular
reflex (VOR) adaptation exercise. The Visual Analogue Scale (VAS) was the most commonly
used outcome measure, which is a subjective measure. Two studies, one on older adults with
BPPV55 and the other on vertigo of nonperipheral origin56 that utilized group sessions as
interventions, showed significant differences between experimental and control group in
Vestibular Disorders’ Activities of Daily Living Scale (physical, locomotion and instrumental),55
single leg stance eyes open, VAS and gait analysis forward, backward and fast.56
A recent systematic review of vestibular rehabilitation in the elderly selected eight
studies: Participants were aged 60 years or over in 5 studies, and over 65 years in 3 studies. The
Cawthorne and Cooksey protocol was used as the vestibular intervention in five studies, possibly
because it was easy to perform. Results showed significant improvement on balance and
dizziness in groups with VR compared to control groups, however, only one of the eight studies,
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which was rated 6/10 in the PEDro scale, demonstrated good quality of the research.57 The
PEDro Scale analyzed the methodological quality of the studies based on eligibility criteria,
random allocation, hidden allocation, initial similarity between the groups, blinded subjects,
blind therapists, blind evaluators, outcome measures in 85% of the samples, analysis of intention
to treat, comparison between groups, and precision measures.
All systematic reviews suggest the need for high quality research to investigate vestibular
rehabilitation for older adults. The lack of evidences to support the effectiveness of vestibular
rehabilitation for older adults could have resulted from the challenges in conducting a
randomized controlled trial on older adults with chronic dizziness. According to Ricci et al, out
of 144 older persons that were referred to VR, 26.4% declined to participate and 16.7% were
ineligible. There were 51 sessions non-attendances related to the disease itself and the final
dropout rate was 14.6%.58 Another challenge in vestibular rehabilitation research could relate to
decreased mobility with age and/or the fear of falling often associated with older adults.59 In
fact, 21.4% of the subjects were no longer performing the exercises 3 months from discharge.58
There is a necessity for studies that address effectiveness, compliance, and long-term behavior
changes of vestibular rehabilitation.
Walking in the Treatment of Vestibular Dysfunction
Walking for endurance is one of the components of current vestibular rehabilitation as
stated in the Clinical Practice Guideline for Peripheral Vestibular Hypofunction.26 However,
studies to support the effect of walking on dizziness are limited and vague. The guideline cited
studies that were not specific to walking as evidences. A preliminary study by Horak and
colleagues compared the effect of vestibular rehabilitation, general conditioning, and vestibular
suppressant medication on dizziness and imbalance in chronic dizziness of at least 6 months
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duration. General conditioning exercises in this study were nonspecific for the subject’s
symptoms, designed for strengthening, range of motion, and cardiac function such as stationary
bicycle riding and lifting light weight with arms and legs. The general conditioning group was
found to have reduction in the dizziness symptoms but did not improve imbalance.60 Another
evidence was a double blind, controlled study of eight subjects with bilateral vestibular
hypofunction. The intervention group received adaptation and substitution exercises while the
control group performed isometric exercises in supine and seated position and stationary bikeriding. Both intervention and control group improved on functional testing and on the selfreported DHI scale.61 In both studies, general conditioning exercises were utilized as the
comparison intervention to vestibular rehabilitation. Walking, as opposed to other forms of
general conditioning promotes not only endurance but also head movement and balance function.
A cross-sectional study by Ekwall and colleagues entitled “Dizzy – Why Not Take a
Walk? Low Level Physical Activity Improves Quality of Life among Elderly with Dizziness”
showed that extensive and light exercises are positively correlated to the quality of life,
depression, and number of falls of 4,278 older adults aged 75 or older.62 Exercises in this study
did not only isolate walking as a single component but also included other physical activities.
Aside from long walks, extensive exercise was exemplified by heavy garden work, sports, and
dancing. On the other hand, light exercise was defined as short walks, light garden work, and
light household chores. Thus, more research is needed to confirm the effect of walking alone on
the dizziness and functional performance of older adults with dizziness.
Pedometer Use in Conditioning
A pedometer is a device that measures number of steps and has the potential to motivate
individuals to improve adherence to walking regimens. Research indicates pedometers are cost-
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effective interventions to increase physical activity and improve health.63,64 In a systematic
review of 26 studies with a total of 2726 adult outpatients with a mean age of 49 years,
pedometer users had an increase in physical activity by 26.9%, increase in step counts by 2491
steps per day, decreased body mass index by 0.38, and decreased baseline systolic blood pressure
by 3.8 mmHg.64 Tudor-Locke and Lutes explored published literatures on pedometers and
analyzed the factors related to why pedometers successfully increase physical activity. The
authors described pedometers to be most sensitive to walking behaviors, offer affordable and
accessible technology, simplistic in output, low-literacy friendly, and immediately
understandable to end-users.65
In pedometer research involving population 65 years old or above, 20 out of 42 articles
that were considered in a systematic review of wearable systems for monitoring mobility-related
activities used pedometers as the means to monitor mobility. Accuracy, adherence, and
acceptance by the user were some of the challenges of pedometers presented in the study. There
were variations between brands in terms of measuring step counts. Slow walking paces, use of an
assistive device, and gait impairments that are common in the older adults were more difficult to
measure by the pedometer.66
This study utilized the Fitbit Zip pedometer. The Fitbit Zip was the step counter in an
intervention study on cardiac telerehabilitation of 64 cardiac patients’ (mean age 62.8 SD 11.5)
walking activity.67 In that study, 72 patients in the intervention group were asked to wear the
Fitbit Zip at the breast pocket or hip during all waking hours (except for bathing and swimming)
for at least three months after hospital discharge and for up to one year.
A validity study of Fitbit Zip as a physical activity monitor proved that it has a high
correlation in steps/day with two references devices, the Actigraph GT3X accelerometer (r=0.91)
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and Yamax CW700 pedometer (r=0.91).68 Fitbit Zip was compared to nine consumer activity
devices in a comparative study by Kooiman and colleagues69 involving 33 healthy adult
volunteers aged 18 to 65 years old. The reliability and validity were assessed in both laboratory
and free-living conditions. The results are shown in Table 1. The Fitbit Zip has an excellent testretest reliability, which was examined in the laboratory using one-week gap between testing.69
The Intraclass Correlation Coefficient (ICC) is considered as the appropriate statistics for
examining test-retest reliability. As a general guideline, a higher ICC, greater than 0.90, is
suggested for clinical measures.70
The Fitbit Zip was found to have a low percentage error deviation as represented by
Mean Absolute Percentage Error (MAPE), an excellent correlation with the gold standard (ICC
.99 for laboratory and 1 for free living conditions), and low difference between the lower and
upper range using the Bland-Altman Plots (46 steps on treadmill and 861 steps on free living
condition). The authors concluded that it has the highest validity. One of the exclusion criteria in
this research was experience of problems with standing and walking. Participants were instructed
to wear the Fitbit Zip in the front pocket of the trousers.69 A study by Singh and colleagues
showed that Fitbit Zip could still be accurate to 5.5% at speeds as slow as 0.5 m/s as long it is
worn distally on the lower limb.71 It is found to have a higher preference and acceptance than
other activity tracker device among adults over age of 50 with chronic illness.72
Table 1. Reliability and Validity of Ten Consumer Activity Devices69
Activity
Device

1. Digiwalker

Test-Retest
Reliability
(ICC)

0.71

Validity
Mean Absolute
Percentage
Error (MAPE)
Free living
Condition
5.9
17

ICC between
trackers and
gold standard
Free Living
Condition
0.96

Bland-Altman
Plots (steps)
Free Living
Condition

2. Fitbit Flex
3. Fitbit Zip
4. Jawbone Up
5. Lumoback
6. Misfit Shine
7. Moves
8. Nike+
Fuelband
9. Omron
10. Pulse

0.81
0.90
0.83
0.90
0.86
0.37
0.53

3.7
1.2
1.4
0.4
1.1
37.6
24

0.96
1
0.94
0.99
0.99
0.80
0.83

0.14
0.92

0.4
7.9

0.98
0.96

866
3350
1590
1400
5150
4528

The Social Cognitive Theory (SCT) has been described as an underlying construct for
pedometers as a motivational device. The theory states that behavioral change and the
maintenance of that behavior are a function of the expectations about one’s ability to perform a
certain behavior (self-efficacy) and the expectations about the outcome resulting from
performing that behavior (outcome expectation).73 Goal setting has been common in studies
investigating the effectiveness of pedometer in the form of percent increase from baseline,40,41
time-based prescription,20 and increase in volume of steps.20,39 Influence of the environment was
set using step log20,40,41 and counseling.20,40 Measurements were obtained at baseline, postintervention and follow-up.20,41 Talbot and colleagues reported the compliance to step log
recording was 76% and compliance rate for meeting step goal was 48%.41 Another study by
Rosenberg and colleagues comparing enhanced and standard walking interventions, the authors
found similar results. The study retention rate was 74% and adherence to pedometer was 77%.40
Test-Retest of Timed Up and Go (TUG) Test
Outcome measures are used to track variability in patient’s function. Reliability
establishes the degree that a change in test scores is caused by a true change in performance
instead of measurement error.70 Test-retest reliability studies of TUG performed on subjects 50
years or older showed excellent reliability, with ICC range from 0.85 to 0.99, as shown in Table
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2. The population included community dwelling older adults and older adults with medical
conditions such as dementia, hip fracture, Parkinson’s disease, advanced organ failure and
Alzheimer’s disease. Four of the research studies performed the tests on the same day or same
session, and two studies with one to two weeks apart. Regardless of the amount of time between
two testing sessions, all factors associated with testing must be made consistent to optimize
validity of the study. Although the TUG is an appropriate choice for monitoring activity
limitations in older adults, there are no studies on the test-retest reliability of TUG in older adults
with dizziness.
Table 2. Studies on Test-Retest Reliability of TUG in Population 50 years or older
Author, year
of publication
Blankevoort et
al74, 2013

Population

Sample

Intervention

Older adults with
dementia (n=
82.47)

n=58

Faleide et al75,
2015

Hip fracture
N=37
(mean age = 81.4)

Huang et al76,
2011

Parkinson’s
n=72
disease (mean age
= 67.5)
Advanced organ
n=235
failure (median
age = 70)

Performed twice
during the test
sessions,
baseline and
after 1 week,
without practice
trial
One practice
trial and two
counting trials,
rest between
trials until
participants felt
ready for the
next
Two sessions
two weeks apart

Mesquita et
al77, 2013

Test-Retest
Reliability
Excellent (ICC=
0.94)

High intrasession test-retest
reliability (ICC=
0.96)

Excellent
(ICC=0.80)

Three trials
Good = (ICC =
performed by
.85 to .98)
the same
assessor with
sufficient resting
time
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Ries et al70,
2009

Alzheimer’s
Disease (mean
age = 80.71)

n =51

Steffen et al78,
2002

Communitydwelling elderly
(mean age = 73)

n=96

Two test
sessions
separated by 30
to 60 minute rest
period
Practice trial
followed by two
recorded trial

Excellent
(ICC=0.987)

Excellent
(ICC=0.97)

Predictors of Dizziness Handicap Inventory
People with dizziness not only have difficulty with functional activities such as walking
and getting dressed, dizziness also impacts their ability to perform life roles such as managing
their home or being a caregiver. The Dizziness Handicap Inventory (DHI) is a self-report tool to
quantify the impact of dizziness on activity and participation restrictions. The higher the score,
the more disability the individual is reporting as a result of dizziness. The DHI was significantly
higher among fallers than nonfallers in a study of 50 elderly patients suffering from dizziness
due to vestibular dysfunction (mean age 70.5).79 Factor analysis revealed 7 items in the DHI that
characterized quality of life in dizzy elderly. These were impairment in instrumental activities,
humor changes, perception of someone else’s judgment, head movement, reading and
concentration, and environmental risks.79
The TUG was cited as a predictor of perceived dizziness as measured by the DHI in two
studies. In a prospective cohort study on 417 older adults (mean age 78.5, age range 65-95), the
TUG was found to be predictive of a dichotomous DHI (0-30 mild as 0, 31-100 moderate to
severe as 1, P=0.05). 92% of the subjects completed the six months follow-up.80 After a
stepwise backward logistic regression analysis, the TUG was determined to be one of the factors
most predictive of dizziness-related impairment, together with onset of dizziness at least 6
months before inclusion, standing still as a dizziness provoking circumstance, trouble with
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walking or falling, polypharmacy, and presence of Diabetes Mellitus, anxiety, or depressive
disorders.80
Gill-body and colleagues81 used the DHI as a measure of participation restriction to
demonstrate relationship between loss of body structure or function, activity limitation, and
participation restriction in individuals with unilateral (n=41) and bilateral (n=44) vestibular
disorder. There were 85 subjects with mean age 62.5 and age range 20.3 to 92.2 in the study.
Measures of balance were standing with feet together, standing on foam, tandem standing,
unilateral standing, tandem walking, walking with head rotation, and posturography; while
functional performance included modified TUG and qualitative analysis of gait, locomotion, and
transfers. The modified TUG is a timed version of the Get-up and Go test. The Get-up and Go
test is scored from 1 to 5 based on the perception of the rater on patient’s risk for falling.82 Since
the intermediate numbers (2 to 4) of the rating are less clear to score, the modification of this test
is to time the subject. The subject is seated in a chair with armrests. Timing began when the
tester said go, the subject stands, walks to the end of a 6.1-m-long and 0.61-m-wide marked
pathway, turns around, walks back to the chair and sits down. Timing stopped once the subject’s
buttocks touched the chair. In these studies, 2 regression analyses were performed. First, a
stepwise regression was used to determine the extent to which sex, age, balance tests and
posturography could explain modified TUG scores for the two groups. The second regression
analysis determined the extent to which balance impairments and functional performances could
explain the DHI scores. For patients with Unilateral Vestibular Hypofunction (UVH), there was
a positive correlation between age and TUG (r= .42), whereas fair to moderate negative
relationships (r= -.36 to -0.57) existed between scores on balance tests and scores on the
modified TUG. For patients with Bilateral Vestibular Hypofunction (BVH), the only relationship
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that was found was between unilateral standing with eyes closed and modified TUG (r= -.47).
No relationships were found between Sensory Organization Test (SOT) and modified TUG for
both UVH and BVH groups. The tests of balance, modified TUG, and posturography explained
78% of the variance in DHI in patients with BVH while only balance impairments for those with
UVH. Modified TUG did not account for variance in DHI for UVH.83
Functional balance testing including locomotion correlated better with the DHI.84 This
was the finding of Vereeck and colleagues using a retrospective case series on 214 patients
(mean age 53.9, age range 23 to 87) with dizziness or imbalance from a vestibular and
nonvestibular origin.84 Fair correlations were found on static balance tests (single leg stance eyes
closed = -0.42, single leg stance eyes open = -0.51) while rhomberg with jendrassik maneuver
had weak correlation (-0.25). Functional gait tasks had moderate correlations (TUG = 0.57,
Tandem gait = -0.47, 10 meter walk test – 0.56, and DGI = -0.69). The DGI has the strongest
correlation with DHI. In fact, it explained 42% of the variance in DHI.84 The ability of DGI and
Posturography together with TUG to predict loss of participation in older adults with dizziness is
yet to be explored. Because this study did not look at age-related differences, therefore, it’s
possible that there may be different correlations with older adults 65 and older because of agerelated changes.
Summary
This chapter reviewed the anatomy and physiology of the vestibular system function and
the overview of vestibular problems in older adults. Previous studies on vestibular rehabilitation
for the general population and older adults were presented. Succeeding sections discussed
literature supporting walking as a component of vestibular rehabilitation and the use of
pedometer in walking programs, validity and reliability of Fitbit Zip, test-retest studies of TUG
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and predictors of the DHI. No studies to date have investigated the effects of adding walking to
vestibular rehabilitation on vestibular outcomes, the effectiveness of pedometer in increasing
physical activity, the test-retest reliability of TUG and the predictors of DHI in older adults with
dizziness.
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Chapter 3 Methodology
This chapter includes study design, rationale, subjects, inclusion and exclusion criteria,
recruiting procedures, instruments, outcome measures, reliability and validity, and data analysis.
The details of the interventions that were given to the three treatment groups will be explained in
the specific procedures. The psychometric properties of Timed Up and Go (TUG), Dizziness
Handicap Inventory (DHI), Dynamic Gait Index (DGI), Modified Clinical Test of Sensory
Integration of Balance (mCTSIB), and International Physical Activity Questionnaire (IPAQ)
short form are presented under reliability and validity. Lastly, data analysis for each research
question is described.
Research Design and Methodology
Study Design
1. To answer the first and second study objectives, a pragmatic, randomized, prospective,
experimental design on 17 older adults with dizziness was utilized. This was conducted at
Advent Health (former Florida Hospital) Sports Medicine and Rehabilitation locations that offer
vestibular therapy. These were in East Orlando and Winter Park.
2. A descriptive design was used on the data collected on the 17 participants in the experimental
design to establish the test-retest reliability of the TUG.
3. A Correlational, Retrospective Design was used to investigate the predictors of the DHI. Data
were collected retrospectively on the 17 participants in the experimental design and from Advent
Health (former Florida Hospital) Sports Medicine and Rehabilitation Physical Therapy medical
charts (N=23) from June 2015 to June 2018.
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Rationale for Research Methodology
This research involved vestibular rehabilitation of older adults that were conducted in two
outpatient clinics. Given this, a pragmatic, randomized controlled trial design was much more
feasible. This design broadly reflected real-world circumstances.85 Beneciuk and George utilized
a pragmatic design in their implementation of a stratified primary care model for low back pain
management (LBP).86 The authors described this approach as consistent with typical clinical
management of LBP, wherein clinicians are not required to follow a specific regimen.86 In a
commentary made by Delitto, results from pragmatic trials are more translatable and usable in
clinical practice and by policymakers.87 An example of research on intervention for physical
activity of older adults that used the pragmatic design was by Ilife and colleagues that promoted
moderate to vigorous physical activity in patients over 65 years old through class-based and
home-based exercises plus walking.88
Recruitment and retention of study participants also influence the choice of research
design. Recruitment was done through consecutive admissions in two outpatient clinics that offer
vestibular rehabilitation. This strategy is similar to the pragmatic research conducted by
Beneciuk and George in 7 outpatient locations, in which participants were consecutive patients
referred for physical therapy for LBP.86
The research staff administering the interventions and performance-based outcomes, and
the subjects were not blinded in this study. This is because some of the participants received a
pedometer. In two pragmatic clinical trials89,90 that were not able to blind their investigators, the
reasons given were funding limitations90 and lack of sham control group.89 According to Koufaki
and colleagues, this investigative approach is acceptable given that the unblinded outcome
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assessment and its potential bias are common occurrences and experiences in real-life clinical
settings.90
The intervention of this study for the first two objectives closely resembled research on
the effectiveness of a Pragmatic Education Program designed to promote walking activity in
individuals with impaired glucose tolerance. Participants were randomly assigned in these three
groups: usual care, Physical Activity Recommendation and Encouragement (PREPARE)
program and PREPARE program without a pedometer. Participants in the PREPARE program
were given a pedometer and were encouraged to increase their activity to at least 3,000 steps per
day, equivalent to 30 minutes of steps per day. They were also asked to record their steps on a
step day log. The PREPARE group without a pedometer had a time-based goal. They were to
walk at least 30 minutes of moderate-intensity. Usual Care received information only on
impaired glucose intolerance and how physical activity can affect this condition. The short
version of the IPAQ was used as a subjective measure of physical activity.91 It was also a
screening tool to assess the baseline physical activity level of subjects. The IPAQ short form
scores were presented and analyzed in terms of self-reported walking activity (MET-min/week)
and total self-reported energy expenditure (MET-min/week).
Comparisons of averages of compliance to step log recording and compliance rate for
meeting step goals were conducted between the Vestibular Rehabilitation plus Walking with
Pedometer (VRWP) and Vestibular Rehabilitation Walking without Pedometer (VRW) groups.
Compliance is defined as low (<33%), moderate (33%-75%) and high (>75%) based on the step
log or walking log. This grading of compliance was used by Hall and colleagues in their research
on the efficacy of gaze stability exercises in older adults with dizziness.53
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The test-retest of TUG replicated the descriptive design of studies on older adults with
hip fractures,75 advanced organ failure,77 and community-dwelling elderlies.78 These three
studies implemented the trials of TUG on the same day or session. The Intraclass Correlation
Coefficients (ICC) were then calculated to establish the reliability of TUG.
To identify the predictors of disability from dizziness, correlational, retrospective design
was selected for this study. This approach is similar to the work of Vereeck and colleagues. They
collected their data retrospectively by performing chart reviews on patients in the balance clinic
from January 2002 to August 2005. The relationship of the DHI with static balance tests and
walking tests was established followed by a stepwise regression analysis to explain the disability
from dizziness.
Subjects
A total of 19 participants gave their informed consent to participate in the study. Two
were excluded due to recurrent Benign Paroxysmal Positional Vertigo (BPPV). The 17
participants who met the inclusion and exclusion criteria were randomly assigned into the
walking group (n=11) and control group (n=6). The walking group received prescribed walking
programs. These were in the form of Vestibular Rehabilitation plus Walking with Pedometer or
VRWP (n=5) and Vestibular Rehabilitation with Walking without Pedometer or VRW (n=6).
The control group consisted of Vestibular Rehabilitation only or VR (n=6).
Inclusion Criteria
•

Age 65 years or older referred for physical therapy evaluation for symptoms of dizziness,
postural instability, or both

•

Able to walk without the physical help of another person, with or with no assistive device
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•

Able to follow commands and execute the examination and intervention instructions in the
English language

•

Willing to participate in a phone interview four weeks after discharge

•

Able to provide informed consent
Exclusion Criteria

•

Unstable medical issues, such as unstable or uncontrolled cardiovascular conditions, elevated
blood pressure (systolic greater than or equal to 140mmHg and diastolic greater than or equal to
90mmHg), orthostatic hypotension (a fall in systolic blood pressure of at least 20mmHg or
diastolic blood pressure of at least 10mmHg when a person stands from a sitting or lying down
position), uncontrolled metabolic disease, as determined by the evaluating physical therapist,
documented in the Functional Comorbidity Index, vital signs and assessment portion of the
initial evaluation.

•

History of falls from syncopal origin.

•

Dizziness of central origin, such as stroke, head injuries, MS or PD;

•

Active BPPV (patients with positive dix hallpike and/or roll test).

•

Inability to walk without physical assistance.
Recruiting Procedures
The recruiting advertisement contained brief information about the research project,
inclusion criteria, and contact information of the study coordinator and principal investigator for
inquiries. Advertisement on the study was in the form of the following: electronic flyers (See
Appendix B), print out flyers and emails. The electronic flyers were disseminated as email
attachments to referring physicians and senior groups in the community, and as postings in social
media such as Advent Health Facebook page.
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The printout flyers were posted at the reception area of participating clinics, doctor
offices, and senior group locations. The study coordinator performed review preparatory to
research for Advent Health research locations. He mailed letters of invitations (See Appendix C)
and informed consent forms to potential participants prior to initial evaluation. The study
coordinator or treating physical therapist gave a letter of invitation and informed consent form to
potential participants before or after the initial evaluation.
Instruments
For the experimental design that was conducted at Advent Health locations, the following
data were collected as standard of care by the physical therapist during initial evaluation, and if
more time was needed, during the follow-up physical therapy appointments: mCTSIB, TUG,
DGI, DHI, age, gender, body mass index, home situation, Functional Comorbidity Index (FCI)
total, ability to drive, medications and insurance type. After the participant signed the informed
consent, the study coordinator was notified by the research staff to conduct a retrospective chart
review of the medical record of the subject. The study coordinator extracted the following
baseline measurements from the subject’s medical record: DGI, mCTSIB, DHI, TUG, and sociodemographic data that include age, gender, body mass index, home situation (lives alone or with
social support), Functional Comorbidity Index (FCI) total, ability to drive (able or unable),
medications for vertigo and insurance type (Medicare/Non-medicare). Based on the retrospective
chart review, the study coordinator determined if the participant was eligible to join in the study.
Randomization was performed after participants gave informed consent and met the
inclusion and exclusion criteria. The study coordinator for each site had a pre-randomized master
list of subjects generated using an online randomization program
(https://www.sealedenvelope.com/simple-randomiser/v1/lists). The signed informed consent was

29

returned before the beginning of the tenth visit. The research staff who received the informed
consent obtained the group assignment from the study coordinator. Once the patient returned the
signed informed consent form, the participant was randomized into one of the three group
assignments: VRWP, VRW, and VR.

Informed consent prior to the
tenth visit

Study coordinator was
notified

If participant met inclusion
and exclusion criteria, the
participant is randomized
into a group assignment

Study coordinator extracted
the pretest scores for TUG,
DHI, DGI and mCTSIB, and
sociodemographic data from
participant’s chart

Study coordinator performed
retrospective chart review to
determine if participant was
eligible to join

Figure 1. Flow Chart of the Process from Obtaining Informed Consent to Extraction of Pretest
Scores and Sociodemographic Data.
The VRWP group (N=5) had VR with an instruction to increase their number of steps
daily to at least 3,000 steps using the pedometer (VR plus walking plus pedometer group). They
received pedometers (Fitbit Zip), instructions on how to use the pedometer, step log forms, with
home instruction handout to walk more at least more than ten minutes at a time. This group was
instructed to wear a pedometer on or below the waist such as belt, waistband, or in trousers’
pocket, during waking hours, all day, except for bathing or swimming.
A clip designed to keep the Fitbit Zip clipped to the clothing was provided. There was no
charging time. The Fitbit Zip used a replaceable watch battery that could last up to 6 months.
The participants recorded on their activity log the number of steps shown on the step display at
the end of the day. Participants were to instructed not program their information or synchronize
their Fitbit Zip with application software on a smartphone, tablet, or any computer device. The
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daily step log form was given to the research staff every visit for recording. The research staff
encouraged their participants to increase their daily steps at least 10% until they achieve at least
3,000 steps daily. The older adults in the group were trained on how to use the pedometers
before they take them home and would have the opportunity to review this instruction with the
research staff on consecutive visits if needed.
The VRW group (N=6) received VR and a time-based instruction to walk more daily at
least 10 minutes at a time (VR plus walking no pedometer group). This group was instructed on
the benefits of walking (similar to the first group) but will not be given the pedometer. They had
home instruction handouts to walk more at least more than ten minutes at a time and a walking
log sheet. The research staff instructed their participants to increase their daily time at least 10%
until they achieve at least 30 minutes of walking exercise daily. The walking log sheet form was
given to the research staff by the participant every visit for recording.
The VR group (N=6) followed the conventional VR physical therapy without the
encouragement of walking and without specification of walking in the home exercise program.
The use of an assistive device was recommended for any subject in any group by the research
staff to maximize safety. Participants who did not belong to the intervention group with a
pedometer received a pedometer after they completed the study. They received instructions on
how to use the pedometer prior to or on the day of their last visit.
Visit 1: Once the study coordinator determined that the participant was eligible to join in the
study, the participant was assigned a research number and was randomized into one of the three
intervention groups. The research staff initiated or continued the VR program. For the test-retest
reliability of the TUG test, there was one practice trial followed by two final performances that
were included in the data analysis. The participant was asked to complete the IPAQ-short form
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questionnaire. The test-retest reliability of TUG and the IPAQ-short form questionnaire were for
research purposes only.
Visit 2: The research staff initiated the research intervention according to the intervention group.
Visit 3 to visit prior to discharge: The research staff continued the VR and intervention according
to the intervention group.
Discharge or last visit: All outcome measures (DGI, TUG, mCTSIB, DHI, and IPAQ) were
reassessed. The total number of visits after the informed consent was signed and length of
interventions (in weeks) for every participant was recorded as secondary outcome measures.
These research data were forwarded to the study coordinator and were stored in a locked cabinet
and password protected Advent Health computer.
Four-weeks after discharge: The study coordinator conducted a follow up phone call to all
subjects four weeks after discharge summary was completed to obtain the level of physical
activity using the IPAQ short-form questionnaire. This was for research purposes only. A followup on a subject was discontinued if a participant was not reached after three attempts of followup phone call made on three different days between 30 and 45 days. Data analysis commenced
once all the data from all participants are collected.
Table 3. Summary of Interventions for VRWP, VRW and VR Groups.
•

•

VRWP (n=5)
Visit 1: Test-retest of TUG.•
Subject completed the
IPAQ-short form.
Randomization. Initiated or
continued with VR.
Visit 2: initiated HEP on •
walking with pedometer.
Patients were given a
pedometer and instruction
on how to use it.
Participants were
encouraged to increase their

VRW (n=6)
Visit 1: Test-retest of TUG.•
Subject completed the
IPAQ-short form.
Randomization. Initiated or
continued with VR.
Visit 2: Initiated HEP on •
time-based walking.
Patients were instructed to
walk at least 10 minutes at a
time. Participants were
encouraged to increase their
daily steps at least 10%
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VR (n=6)
Visit 1: Test-retest of TUG.
Subject completed the
IPAQ-short form.
Randomization. Initiated or
Continued with VR.
Visit 2 to Visit prior to
discharge: Continued with
VR, without the
encouragement of walking
and without specification of
walking in the home
exercise program.

•

•

•

daily steps at least 10%
until they achieved at least
3,000 steps daily.
Visit 3 to visit prior to
•
discharge: Continued with
VR. Continued with
instruction on how to use
the Fitbit Zip pedometer as
needed. Treating therapist
monitored and kept a record•
of the patient’s daily step
log form every visit.
Discharge day: mCTSIB,
DGI, DHI, TUG and IPAQ
short form, total number of•
visits and length of
intervention (in weeks)
Four-week follow-up:
•
phone call for IPAQ short
form

until they achieved at least •
30 minutes of walking
exercise daily.
Visit 3 to visit prior to
discharge: Continued with
VR. Treating therapist
•
monitored and kept a record
of the patient’s daily step
log form every visit.
•
Discharge day: mCTSIB,
DGI, DHI, TUG and IPAQ
short form, total number of
visits and length of
intervention (in weeks).
Four-week follow-up:
phone call for IPAQ short
form
Pedometers were mailed to
participants as a reward for
participation.

Discharge day: mCTSIB,
DGI, DHI, TUG and IPAQ
short form, total number of
visits and length of
intervention (in weeks).
Four-week follow-up:
phone call for IPAQ short
form
Pedometers were mailed to
participants as a reward for
participation.

To supplement the data for the fourth research aim investigating the predictors of DHI, a
retrospective chart review was conducted on the medical charts of patients of Advent Health
Sports Medicine and Rehabilitation 65 years old or older who had Vestibular Physical Therapy
initial evaluation and first physical therapy visit from June 2015 to June 2018. The following
data were extracted from the review and recorded on the Data Collection Spreadsheet: age,
gender, treatment diagnosis, DHI, DGI, mCTSIB, and TUG. The Data Collection Spreadsheet
did not include any patient identifier. There was no link in the Data Collection Spreadsheet that
allowed the data to be reidentified.
Outcome Measures
DHI
The DHI (See Appendix G) is a 25-item self-report questionnaire that quantifies the
functional, emotional and physical impact of dizziness. Answers are graded 0 for no, 2 for

33

sometimes and 4 for yes, with a maximum total score of 100. Interpretations are mild dizziness
for scores between 0-30, moderate for 31-60 and severe for 61-100.33
TUG
The TUG (See Appendix H) is a test of balance and risk for falls.28 This test measures the
time it takes to walk 3 meters starting from a sitting position and it ends when the patient is
seated again.
DGI
The DGI (See Appendix J) assesses the ability to maintain balance while walking in the
presence of external demands. It is scored based on a 4-point ordinal scale (3=no gait
dysfunction, 2=minimal impairment, 1=moderate impairment, and 0=severe impairment) with
the highest possible score of 24.34 A cut-off score of less than 19 is indicative of increased fall
risks in community-dwelling elderlies.92
MCTSIB
The mCTSIB (See Appendix I) quantifies the ability of the patient to use information
from somatosensory, visual and vestibular systems effectively for postural stability. This test
eliminated conditions 3 and 6 of the original CTSIB, which use an altered visual input (visual
conflict dome). It is performed with the feet together, a modification from the original test, which
is with feet apart.93 The four conditions of mCTSIB are standing on firm surface eyes open,
standing on firm surface eyes closed, standing on compliant surface eyes open, and standing on
compliant surface eyes closed. The patient is timed for 30 seconds and the average score of three
trials is obtained. It only requires a timer and balance foam to administer the test.
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IPAQ
The IPAQ short form (See Appendix K) is an instrument evaluation tool for physical
activity among adults. It has three categories: low, moderate and high. The specific type of
activities assessed are walking, moderate-intensity activities and vigorous-intensity activities. All
continuous scores are expressed in MET-minutes/week with walking =3.3 METs, Moderate
PA=4.0 METs, and Vigorous PA = 8.0 METs. An overall total physical activity score can be
computed as the sum of the total MET-minutes/week scores.23 This outcome measure will be
used to compare the pre-intervention, post-intervention and four-weeks follow-up physical
activity level of the participants.
Visits and Total Length of Treatment in Weeks
The number of visits was calculated from the first follow-up after the patient signed the
informed consent until the day of discharge from physical therapy. The length of treatment was
calculated from the day of initial evaluation until the day of discharge from physical therapy
Step Goal Compliance
Step Goal Compliance was recorded every visit after the participant signed the informed
consent and was assigned to either VRWP or VRW. Participants were encouraged participants to
increase their daily steps at least 10% until they achieve at least 3,000 steps daily for the VRWP
and to increase their daily time at least 10% until they achieve at least 30 minutes of walking
exercise daily for the VRW. Compliance is recorded as low (<33% or 1-2 days a week),
moderate (33%-75% or 3-5 days a week) and high (>75% or 6-7 days a week) based on the step
log or walking log. The mode was used to record the final compliance.
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Step Log Recording Compliance
Step log recording compliance was recorded every visit after the participant signed the
informed consent and was assigned to either VRWP or VRW. The participant showed the step
log to the research staff and the staff graded it as low (<33% or 1-2 days a week), moderate
(33%-75% or 3-5 days a week) and high (>75% or 6-7 days a week) based on the step log or
walking log. The mode was used to record the final compliance.
Reliability and Validity
DHI
DHI has been found to have an excellent negative correlation (r=-0.64) with the Activity
Specific Balance Confidence Scale (ABC) in the elderly.94 For the population with vestibular
dysfunction, it has excellent correlation with ABC (r=-0.64)94 and SF-36 (r=0.53-0.72),95 and
moderate statistically significant negative correlation with Sensory Organization Test conditions
2 (r=-0.39), 4 (r=-0.36), 5 (r=-0.42) and 6 (r=-0.35).83 The Minimal Detectable Change (MDC)
for peripheral and central vestibular pathology is 17.18 points and the Minimally Clinically
Important Difference (MCID) for vestibular dysfunction is at least 18 points between the
pretreatment and post-treatment scores.33 The MDC for central and peripheral vestibular
pathology 17.18 points.83 The MDC and MCID scores for older adults with dizziness are not
established.
TUG
Among the population studied for the TUG are the frail elderly and vestibular disorders.82
The cut-off scores that indicate risk for falls are greater than 13.5 seconds for communitydwelling older adults28 and greater than 11.1 seconds for vestibular disorders.30 It has excellent
inter-rater reliability for elderly adults.96 Podsiadlo and Richardson found that in the elderly
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adults, the TUG has an excellent correlation with Berg Balance (r=-0.81), gait speed (r=-0.61),
and Barthel Index of ADL (r=-0.78).82 It has 80% sensitivity and 56% specificity in falls
prediction for vestibulopathic elderly.30 MDCs have been established for Alzheimer’s Disease
(4.09 seconds)70 and Parkinson’s Disease (3.5 to 11 seconds).76,97,98 There is no established MD
for older adults with dizziness.
DGI
The DGI has an excellent intrarater (ICC=0.89) and interrater (ICC=0.82) reliability for
community-dwelling older adults with baseline impairment99 and adequate inter-rater reliability
(k=0.64) for the vestibular population.34 It has excellent correlation with Balance SelfPerceptions test (r=0.76) and Berg Balance Test (r=0.67) and adequate correlation with assistive
devices history (r=-0.44) and history of imbalance (r=-0.46) in community-dwelling older
adults;92 and excellent concurrent validity with the Berg Balance Scale (r=0.71) in the vestibular
population.100 The MCID for community--dwelling older adults 1.9 points.101
MCTSIB
MCTSIB has been found to have a good agreement (kappa values 0.53-0.81) between
two testers and is considered as a less costly alternative to computerized analysis of balance.37
There is no established MDC and MCID on mCTSIB for older adults with dizziness.
IPAQ
The total time walked per week item of the IPAQ short form has a test-retest reliability of
0.72 using Spearman Correlation.102
•

Less than 600 MET-minutes/week is considered low physical activity

•

at least 600 MET-minutes/week is considered high physical activity

•

at least 3000 MET-minutes per week is considered health enhancing physically active103
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Threats
Each site had designated research staff who were treating physical therapists. Prior to
enrollment of participants, training of the study coordinator and research staff was conducted
onsite or online by the principal investigator. This training covered the following: multi-site
communication, subject recruitment, informed consent, inclusion and exclusion criteria, and data
collection. Research staff received instructions on randomization, interventions, outcome
measures, and the use of Fitbit Zip pedometer. To ensure compliance with the outcome measure
equipment, research staff signed a Research Equipment Compliance Document. The principal
investigator conducted an inspection of equipment in each site, co-signed the document and kept
the paper record in a locked filing cabinet in Advent Health.
Ethical Considerations and Reviews
This study was approved by the IRBs of Advent Health, Advent Health University, and
Nova Southeastern University. The addition of a prescribed walking program in the treatment of
dizziness could challenge the subject’s balance, and in rare cases could result in falls or more
dizziness. Performance-based outcomes such as mCTSIB, DGI, and TUG checked for the
subject’s reaction whenever in a condition of unsteadiness. The risks associated with these tests
were the potential for falls and dizziness.
Self-report questionnaires such as the DHI and IPAQ needed the subject to read the
questions and recall past experiences. Looking down and reading the questions could provoke
dizziness and eye strain. Other possible risks for subjects were: 1) finding the questions to be
sensitive 2) emotional discomfort (uncomfortable/embarrassed/sad/tired) and 3) distress as a
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subject think of experiences. To mitigate these risks, the research staff (treating physical
therapist) supervised the treatment at all times.
To protect the privacy of participants, research numbers were assigned to the participants
for study-related records and data sharing. The participant's confidentiality was protected by
observing HIPAA policies and procedures. Participants in the VRW and VR group received a
pedometer after they completed the study.
Funding
This study was the recipient of the Faculty Seed Grant of Advent Health University.
Data Analysis
All statistical analyses were performed using SPSS version 26. Mean and standard
deviation were used to describe interval and ratio data, and frequencies for nominal data.
Statistical significance was set at alpha = 0.05. Since the parameters of a normal distribution
were not met, nonparametric statistical tests were chosen for statistical analysis.
Objective 1
Mean and standard deviations on the mean differences of pretest and posttest of TUG,
DGI, DHI, and mCTSIB were calculated to compare walking (VRWP + VRW) and control
groups (VR only). Kruskal-Wallis test was calculated to check for between-group differences in
the primary and secondary outcomes. For within-group differences, the Wilcoxon Signed Rank
Test was used to examine significant differences between the pretest and posttest.
Objective 2
To compare the VRWP, VRW and VR groups, IPAQ-Walk and IPAQ-Total scores were
categorized as improve, same or decline in pretest and posttest, posttest and four-weeks followup, and pretest and four-weeks follow-up. Kruskal-Wallis test was calculated to check for
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between-group differences of sociodemographic data, IPAQ-Walk, IPAQ-Total, compliance in
meeting step goals and compliance in step log. Friedman’s 2-way ANOVA by ranks test was
used to examine significant differences within the group.
Objective 3
Intraclass Correlation Coefficient (ICC) was calculated using the two-way mixed model,
consistency type on a single measure model with a 95% CI for relative reliability. For absolute
reliability, the Standard Error of Measurement (SEM), Minimal Detectable Change (MDC) 95%
CI, and Bland-Altman 95% level of agreement were examined. The SEM provides the range of
scores on retesting. A smaller value of SEM means the calculated score is close to the true
score.44 The MDC is used to reflect the true change in score that exceeded the errors of
measurements. Both the SEM and MDC are the same units of the original measures, which
allows easier interpretation of results when applied in the clinical practice.74
The Bland-Altman plots show the distribution of the difference scores of two
measurements around zero. The 95% level of agreement means that 95% of the difference scores
fall within two standard deviations above or below the mean of the difference scores. Values
closer to zero means greater reproducibility between two repeated measures.
Objective 4
The subjects were then grouped based on the DHI test results, using the categories
suggested by Whitney et al: 0-30 for mild, 31-60 for moderate, and 61-100 for severe.104 This
analysis is similar to the work of Vereeck et al84 to obtain a better picture between the dependent
variable DHI and the independent variables: mCTSIB, TUG, and DGI. Kruskal-Wallis test was
calculated to compare group means for age, mCTSIB, TUG, and DGI. The significance values
were adjusted by the Bonferroni correction for multiple tests.
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Before the multiple linear regression analysis, assumptions were tested to establish the
nature of the data. The obtained Durbin-Watson statistic for the analysis of the independence of
observations is 2.639. The Durbin-Watson statistic can range from 0 to 4, with a value of
approximately 2 to indicate that there is no correlation between residuals. The obtained value is
close to 2, therefore it can be accepted that there is the independence of observations. The
assumptions of homoscedasticity, normality, and multicollinearity are upheld. There is no
presence of outliers in the data.
The Spearman Rho correlation coefficients were calculated to establish the relationships
between the DHI and mCTSIB, TUG and DGI. As a general guideline, the value 0.00 to .25
indicates little to no relationship, 0.25 to 0.50 suggests fair relationship, 0.50 to 0.75 denotes
moderate to good relationship and above .75 is considered good to excellent relationship.44 Then,
a multiple linear regression analysis was conducted for a continuous dependent variable and
three independent variables to identify the predictors of DHI.
Summary
This study utilized a pragmatic randomized experimental design; descriptive design, and
correlational, retrospective design. 17 participants who met the inclusion and exclusion criteria
were randomly assigned into the walking group (n=11) and control group (n=6). The walking
group was composed of Vestibular Rehabilitation Walking with Pedometer or VRWP (n=5) and
Vestibular Rehabilitation with Walking without Pedometer or VRW (n=6). The VRWP group
(n=6) had VR with an instruction to increase their number of steps daily to at least 3,000 steps
using the pedometer (VR plus walking plus pedometer group) while the VRW group received
VR and a time-based instruction to walk more daily at least 10 minutes at a time (VR plus
walking no pedometer group). The control group was consisted of Vestibular Rehabilitation
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only or VR (n=5). They followed the conventional VR physical therapy without the
encouragement of walking and without the specification of walking in the home exercise
program.
The test-retest reliability of TUG was performed in the same session. This included one
practice trial and two recorded trials. A retrospective chart review was conducted on the medical
charts of the 17 participants who were included in the experimental group and medical records of
vestibular patients from June 2015-June 2018. MCTIB, TUG, and DGI were extracted from the
patient records who met the inclusion and exclusion criteria of the retrospective chart review to
establish the predictors of DHI.
Data analysis was performed to evaluate between and within-group differences in the
pretest and posttest results of mCTSIB, DHI, DGI, and TUG of the walking and control group.
Between and within-group differences of the pretest, posttest and four-weeks follow-up were
also analyzed on the IPAQ-walk and IPAQ-total of the VRWP, VRW, and VR groups. The ICC
of TUG was calculated, and the predictors of DHI were identified using multiple linear
regression analysis.
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Chapter 4 Results
Introduction to the Chapter
This chapter presents the result of the data analysis for each of the objectives using tables
with corresponding descriptions. Total participants and group participants characteristics will be
described and compared. Between and within-group differences will be presented for the
Walking and Control Group for the primary outcomes of Modified Clinical Test of Sensory
Integration of Balance (mCTSIB), Timed Up and Go (TUG), Dizziness Handicap Inventory
(DHI), and Dynamic Gait Index (DGI) and the secondary outcomes of the number of visits and
the total length of interventions in weeks. The Walking Group was composed of participants who
were given prescribed walking programs in the form of a pedometer (Vestibular Rehabilitation
plus Walking with Pedometer or VRWP) and timed walking (Vestibular Rehabilitation plus
Walking without Pedometer or VRW). Comparisons were made between and within-group on
the International Physical Activity Questionnaire or IPAQ-Walk, IPAQ-total, step goal
compliance and step log recording compliance of the participants in the VRWP, VRW, and VR.
Flow charts will be used for each objective. The Intraclass Correlation Coefficient (ICC),
Standard Error of Measurement (SEM), and Minimal Detectable Change (MDC) of TUG will be
established. Lastly, the strength of relationships between the predictor variables TUG, MCTSIB,
and DGI with DHI will be provided together with the results of the multiple linear regression.
Data Analysis Results
Objective 1. To evaluate the impact of walking as an exercise component of VR on both primary
and secondary vestibular-specific outcome measures.
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Participant Characteristics
Out of the 17 participants who signed the informed consent and met the inclusion and
exclusion criteria, 15 participants were included in the data analysis as shown in Figures 2 and 3.
Two dropped out; one developed BPPV from the control group and the other participant in the
walking group suffered from a fall unrelated to the study that resulted in hospitalization.
Participants in this study had a mean age of 79 years (SD 8.91). 47% were female and 53% were
male. The mean baseline for TUG, DGI, DHI, and mCTSIB were 11.64 seconds, 20.13, 25.20
and 110.15 seconds respectively. The mean physical activity was 1384.23 METS-min/week for
IPAQ-Walk and 2740.23 METS-min/week for IPAQ-Total.

Included (n=17)
Elected to
participate

Potential
candidates

65 years or older
Vestibular
Referrals

64 years or
younger

Nonpotential
candidates

Refused to
participate

Excluded
(n=2)

Recurrent BPPV

Spanish-speaking, central vestibular disorder, active Benign Paroxysmal Positional
Vertigo (BPPV), unstable medical conditions, history of fainting, advance cognitive
disorder, requires assistance to walk, unable to walk, noncompliant with the plan
of care
Assigned to a nonresearcher

Figure 2. Flow Chart of Study Sample

Informed
Consent
Recruitment

(Included
n=17,
Excluded n=2)

Figure 3. Study Flow Chart for Objective 1
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Randomization

Visit 1 to
Discharge

Walking Group
(n=11)

Walking
Group (n=10)

Control Group (n=6)

Control Group
(n=5)

Table 4 summarizes the characteristics of the participants at baseline. The walking group
(mean age 80.4 years) had ten participants while the control (mean age 76.2 years) had five. Four
participants used pedometer-based walking (VRWP) and six participants used time-based
walking (VRW) in the walking group. There was no between-group significant difference on
sociodemographic data including age, gender, Body Mass Index (BMI), Functional Comorbidity
Index (FCI), ability to drive, insurance, home situation, medication for dizziness and baseline
outcome measures.
Table 4. Participant Characteristics at Baseline
Variables

Total Participants
(N=15)
Mean
SD
Age (years) 79
8.91
Gender
Female
N=7
Male N=8
BMI
28.65
(kg/m2)
FCI
6
Lives alone Yes N=5
No N=10
Taking
Yes N=3
Medication No N=12
for
Dizziness
Able to
Yes N=14
drive
No N=1
Medicare
Yes N=11
No N=4
IPAQ Walk 1384.23
(METSmin/week)
IPAQ Total 2740.23
(METSmin/week
Baseline
11.64
TUG

3.81
2.33

Walking Group
(N=10)
Mean
SD
80.40
9.05
Female
N=5
Male
N=5
27.59
3.14

Control Group (N=5)
Mean
76.20
Female
N=2
Male
N=3
30.76

SD
8.90

4.50

.33

2.60
Yes N=3
No N=7
Yes N=2
No N=8

1.80
Yes N=2
No N=3
Yes N=1
No N=4

1.10

.45
.71

1.84

.39
.72

1.0

1384.23

Yes N=5
No N=0
Yes N=4
No N=1
1973.40

3554.72

.81

3746.69 2546.93

2740.23

3741.40

5714.65

.81

4.119

4.75

9.80

1.64

.281

2334.1

Yes N=9
No N=1
Yes N=7
No N=3
1602.94

P-value

12.54

45

.48
.69

Baseline
20.13
2.56
20.2
2.616
20
2.74
.662
DGI
Baseline
25.20
22.32
29.6
22
16.4
22.56
.125
DHI
Baseline
110.15
9.97
107.23
10.551
115.98
5.82
.114
mCTSIB
BMI, Body Mass Index; FCI, Functional Comorbidity Index; IPAQ, International Physical
Activity Questionnaire; METS, Metabolic Equivalent Task; TUG, Timed Up and Go; DGI,
Dynamic Gait Index; DHI, Dizziness Handicap Inventory; mCTSIB, Modified Clinical Test of
Sensory Integration of Balance; SD, Standard Deviation
Between and Within Group Differences
Table 5 presents the between-group differences for all measurements. A significant
between-group difference was found on the DHI (mean difference walking group 20.60, control
group 3.2, P=0.04).
Table 5. Between Group Differences for all Measurements
Variables

Walking Group (N=10)
Control Group (N=5)
P-Value
Mean
SD
Mean
SD
Difference
Difference
TUG
1.99
2.72
2.00
0.71
.07
DGI
-2.20
2.20
-2.80
1.79
.42
DHI
20.60
22.35
3.20
6.87
.04
MCTSIB
-8.04
10.54
-4.02
5.81
.66
TUG, Timed Up and Go; DGI, Dynamic Gait Index; DHI, Dizziness Handicap Inventory;
mCTSIB, Modified Clinical Test for Sensory Integration for Balance; SD, Standard Deviation
As noted in Table 6, the length of stay and number of visits were not significantly
different between both groups.
Table 6. Length of Interventions in Weeks and Number of Visits of Walking and Control Group
Variables Walking Group (N=10)
Mean
SD
Median Range
Length
8.8
4.10
5
4-17
of Visits
(Weeks)
Number 6.8
4.21
5
3-16
of Visits
SD, Standard Deviation
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Control Group (N=5)
Mean
SD
Median Range
8.5
3.16
5
5-13

PValue
.39

5.6

.73

2.3

4

4-9

The walking group significantly improved on MCTSIB (P=0.03), TUG (P=0.05), DGI
(P=0.01) and DHI (P=0.01) while the control group improved on TUG (P=0.04) only as shown
in Table 7.
Table 7. Mean and Standard Deviation of Outcome Measures at Baseline and Discharge
Measures Walking Group
(n=10)
Pretest
TUG

Mean
12.54

SD
4.75

Walking
P
Group
value
(n=10)
Posttest
Mean
SD
10.55
4.34 0.05

Control
(n=5)
Pretest

Control
(n=5)
Posttest

Mean
10

SD
1.64

Mean
7.80

SD
1.30 .04

DGI

20.2

2.62

22.4

1.26 0.01

20

2.74

23

1.64 .06

DHI

29.6

22.01 9

7.13 0.01

16

22.56 13

18.9 .28

MCTSIB

107.23

10.55 115.27

7.32 0.03

116

5.81

0.00 .18

120

Pvalue

TUG, Timed Up and Go; DGI, Dynamic Gait Index; DHI, Dizziness Handicap Inventory;
mCTSIB, Modified Clinical Test for Sensory Integration for Balance; SD, Standard Deviation
Objective 2. To evaluate whether pedometers increase the adherence of older adults with
vestibular issues to a walking program.
Participant Characteristics
Out of the 17 participants who signed informed consent and met the inclusion and
exclusion criteria, 13 participants were included in the data analysis as shown in Figure 4.

Recruitment

Informed
Consent
(Included:
n=17,
excluded
n=2)

Randomizatio
n
VRWP (n=5)
VRW (n=6)
VR (n=6)

Figure 4. Study Flow Chart for Objective 2
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Visit 1 to
Discharge
VRWP(n=4)
VRW (n=6)
VR (n=5)

FourWeeks
Follow-up
VRWP
(n=3)
VRW
(n=6)
VR (n=4)

Four dropped out; two (VRWP and in VR) had missing data on the four weeks follow-up
phone call, one in the VR group developed BPPV and the other in the VRWP group suffered
from a fall unrelated to the study that resulted in hospitalization. Table 8 summarizes the
characteristics of the participants at baseline. The VRWP group (mean age 77.67 years, SD
10.41) had three participants. The VRW group (mean age 81.17 years, SD 9.81) had six while
the VR group (mean age 78.25 years, SD 8.81) had four. There was no between-group
significant difference on sociodemographic data including age, gender, Body Mass Index (BMI),
Functional Comorbidity Index (FCI), ability to drive, insurance, home situation, medication for
dizziness, and baseline IPAQ-walk and IPAQ-total.
Table 8. Participant Characteristics at Baseline
Variable
Age
Gender
(Male/Female)
BMI
FCI
Lives alone
(Yes/No)
Taking
medications for
dizziness
(Yes/No)
Able to drive
(Yes/No)
Medicare
(Yes/No)
IPAQ-Walk
(METSmin/week)
IPAQ-Total
(METSmin/week)

VRWP (n=3)
77.67
SD 10.41
Male n=1
Female n=2
28.9
SD 3.9
3.67
SD 2.08
Yes n=2
No n=1
Yes n=1
No n=2

VRW (n=6)
81.17
SD 9.81
Male n=4
Female n=2
27.1
SD 3.18
2
SD 1.79
Yes n=1
No n=5
Yes n=1
No n=5

VR (n=4)
78.25
SD 8.81
Male n=2
Female n=2
30.73
SD 5.19
2.25
SD .5
Yes n=2
No n=2
Yes n=1
No n=3

P value
.73

Yes n=2
No n=1
Yes n=2
No n=1
660
SD 646.03

Yes n=6
No n=0
Yes n=4
No n=2
562.07
SD 212.10

Yes n=4
No n=0
Yes n=3
No n=1
2293.5
SD 4020.56

.19

1046.67
SD 805.75

2145.4
SD 2667.75

3963.5
SD 6573.74

.98
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.73
.52
.32
.32
.86

.96
.81

BMI, Body Mass Index; FCI, Functional Comorbidity Index; IPAQ, International Physical
Activity Questionnaire; METS, Metabolic Equivalent Task; TUG, Timed Up and Go; DGI,
Dynamic Gait Index; DHI, Dizziness Handicap Inventory; mCTSIB, Modified Clinical Test of
Sensory Integration of Balance; SD, Standard Deviation
Tables 9 and 10 show the number of participants that improved, declined, or did not
change in their level of physical activity. For IPAQ-Walk, the majority of the subjects in all
groups improved on the posttest. Half of the participants in VRW and VR and 2 participants in
VRWP declined in the four-weeks follow-up. Overall, the level of physical activity at fourweeks follow-up improved when compared to baseline in all of the participants in VRWP, 4
participants in VRW, and 2 participants in VR. The differences in IPAQ-Walk between groups
were not found to be significant.
Table 9. Between Group Differences for IPAQ-Walk
Measures

Pretest-Posttest
(N)

Posttest-Four
Pretest-Four
Weeks FollowWeeks Followup (N)
up (N)
VRWP (N=3)
Improve
2
1
3
Same
0
0
0
Decline
1
2
0
VRW (N=6)
Improve
4
3
4
Same
1
0
0
Decline
1
3
2
VR (N=4)
Improve
3
1
2
Same
1
1
0
Decline
0
2
2
P Value
.88
.88
.39
VRWP, Vestibular Rehabilitation with Walking with Pedometer; VRW, Vestibular
Rehabilitation with Walking without Pedometer; VR, Vestibular Rehabilitation Only
For IPAQ-Total, the majority of the participants in the three groups demonstrated an
increase in their level of physical activity on the posttest but declined on a four-week follow-up.
Most of the participant’s level of physical activity at four-weeks follow-up improved compared
to baseline in the VRWP and VR group. There are no within-group significant differences in the
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pretest, posttest and four-weeks follow-up of VRWP, VRW, and VR for both IPAQ-Walk and
IPAQ-Total.
Table 10. Between Group Differences for IPAQ-Total
Measures

Pretest-Posttest
(N)

Posttest-Four
Pretest-Four
Weeks FollowWeeks Followup (N)
up (N)
VRWP (N=3)
Improve
2
1
2
Same
0
0
0
Decline
1
2
1
VRW (N=6)
Improve
3
2
2
Same
2
0
0
Decline
1
4
4
VR (N=4)
Improve
4
0
3
Same
0
0
0
Decline
0
4
1
P Value
.31
.45
.41
VRWP, Vestibular Rehabilitation with Walking with Pedometer; VRW, Vestibular
Rehabilitation with Walking without Pedometer; VR, Vestibular Rehabilitation Only
All subjects in the VRWP group had moderate compliance in meeting step goals and high
compliance in step log recording. In the VRW group, there is high compliance in 66.67% of the
subjects in meeting step goals and 88.33% in step log recording, 16.67% have moderate
compliance in both step goals and step log recording and 16.67% have low compliance in
meeting step goals. These differences in compliance in meeting step goal and step log recording
were not significant.
Table 11. Steps Goals and Step Log Recording Compliance of VRWP and VRW
Measure

VRWP (n=3)
High
Moderate Low
0
100
0

VRW (n=6)
High
Moderate Low
66.67
16.67
16.67

Step Goals
(%)
Step Log
100
0
0
83.33
16.67
0
Recording
(%)
VRWP, Vestibular Rehabilitation with Walking with Pedometer; VRW, Vestibular
Rehabilitation with Walking without Pedometer
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P Value
.2
.48

Objective 3. To establish test-retest reliability of the TUG test on older adults with dizziness.
One purpose of this study was to establish the test-retest reliability of TUG on older
adults with dizziness. For this part of the study,17 participants gave their informed consent. One
subject withdrew due to BPPV as shown in Figure 5. The ICC of TUG was calculated using 16
subjects, 52.9% were male and 47.1 % were female, with a mean age of 72 years old (age range
66-94 years old). Based on the score interpretations of the participant’s Dizziness Handicap
Inventory, 12 have mild disabilities from dizziness, 3 have moderate and 1 had severe disability.
The average TUG for the first trial is 10.24 seconds (range 7-20 seconds) and the second trial is
10.18 seconds (range 8-20.5 seconds). All subjects were able to perform the TUG without an
assistive device.
Three trials were conducted, with the first trial as an untimed practice trial followed by
two scored trials. All trials were conducted within the same session with minimal (until dizziness
subsides) to no rest break. For single measures, a comparison of scores from individual raters
revealed an ICC of .981 (95% CI, 0.945-.993). Interpretation of ICC values ranges from 0.00 to
1.00 with values closer to 1.00 representing stronger reliability.44 Table 12 presents the ICC
value as well as the SEM and 95% MDC for all samples. The Bland-Altman plots are shown in
Figure 6 with a mean difference of 0.05875 (95% CI, -.2880 - .4055).

Randomization

Informed Consent
(Included n=17,
Excluded n=2)

Figure 5. Study Flow Chart for Objective 3
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Test-Retest Reliability
(n=16)

Table 12. ICC, SEM and 95% MDC of TUG Test
Parameters
Total Sample
ICC
0.981 (95% CI, 0.945-0.993)
SEM
0.33 seconds
95% MDC
0.916 seconds
ICC, Intraclass Correlation Coefficient; SEM, Standard Error of Measurement; MDC, minimal
detectable change, CI, confidence interval; TUG, Timed Up and Go

Figure 6. The Bland-Altman plots of the difference against the mean of the TUG two scored
trials. The central dotted line is the average between two trials with the green and red line as two
standard deviations above and below the average mean respectively.
Objective 4. To investigate if the TUG, DGI, and mCTSIB are significant and strong predictors
of the DHI in older adults with dizziness.
Of the 41 subjects for this portion of the study, 24 of the charts were from a retrospective
chart review from the years 2015-2018 as shown in Figure 7. The mean age is 77.59 years old
and the mean DHI score is 31.56. The mean, standard deviation, and range for age, DHI,
mCTSIB, TUG, and DHI were shown in Table 13.
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65 years or older
Complete charts
(DHI, TUG,
mCTSIB and DGI)

Included
n=24
Retrospective
Chart Review
June 2015 –
June 2018

64 years or younger
Incomplete charts with missing one or
more outcome measures
CNS disorder
BPPV

Excluded
n=317
“Can A Prescribed
Walking Program with or
without Monitoring Impact
Dizziness in the Older
Adults? A Pilot Study
July 2018 – July 2019

Age, gender, DHI,
TUG, mCTSIB and
DGI were extracted
from the
participant’s chart

Signed informed
consent and met
the inclusion and
exclusion criteria

Included
n=17

Age, gender, DHI,
TUG, mCTSIB
and DGI were
extracted from the
participant’s chart

Figure 7. Study Flow Chart for Objective 4
Table 13. Subject Characteristic (n=41)
Mean
77.59
31.56
100.92

SD
7.791
22.17
24.09

Range
66-94
0-84
33-120

Age
DHI
mCTSIB
(seconds)
TUG (seconds)
13.36
5.54
7-30
DGI
18.46
3.03
11-24
DHI, Dizziness Handicap Inventory; mCTSIB, Modified Clinical Test for Sensory Integration
for Balance; TUG, Timed Up and Go; DGI, Dynamic Gait Index; SD, Standard Deviation
Significant differences were found on mCTSIB (p=.043), TUG (p=0.26) and DGI
(p=.044) between the mild, moderate and severe DHI groups (Table 14). Pairwise comparisons
showed significant differences only between the mild and moderate groups for mCTSIB, TUG,
and DGI. There were no significant differences using pairwise comparisons between the
moderate and severe, and mild and severe groups.
Table 14. Means and standard deviations of mCTSIB, TUG and DGI for each of the three DHI
groups
Variables
Age

Mild DHI 0-30
(N=24)
Mean
SD
76.92
7.73

Moderate DHI 31-60
(N=13)
Mean
SD
77.85
8.31
53

Severe DHI 61-100
(N=4)
Mean
SD
80.75
7.59

P-Value
.69

mCTSIB 108.89
15.73
86.42
32.51
100.25
14.00
.04
TUG
11.82
5.04
16.08
6.05
13.75
4.11
.03
DGI
19.50
2.77
17.08
3.17
16.75
1.71
.04
DHI, Dizziness Handicap Inventory; mCTSIB, Modified Clinical Test for Sensory Integration
for Balance; TUG, Timed Up and Go; DGI, Dynamic Gait Index; SD, Standard Deviation
Table 15 demonstrates that none of the obtained correlations is a strong linear
relationship (above .7). There are moderate inverse correlations between DHI and mCTSIB (.381) and DGI (-.322), and a fair correlation with TUG (.396).
Table 15. Correlation between DHI, mCTSIB, TUG, and DGI (N=41)
mCTSIB
TUG
DGI
DHI
-.381
.396
-.322
P-value
.014
.010
.040
TUG, Timed Up and Go; DGI, Dynamic Gait Index; DHI, Dizziness Handicap Inventory;
mCTSIB, Modified Clinical Test for Sensory Integration for Balance
The multiple regression analysis below indicates that the independent variables account
for 10.5% of the variance in the dependent variable. The model summary shows the P-value of
.246 which is greater than the conventional .05 level of confidence. Therefore, the null
hypothesis for this analysis is accepted.
Table 16. Multiple Linear Regression with DHI as the Dependent Variable and mCTSIB, TUG
and DGI as the independent variables

Std, Standard; df, Degrees of Freedom; Sig, Significant; DGI, Dynamic Gait Index; mCTSIB,
Modified Clinical Test for Sensory Integration for Balance; TUG, Timed Up and Go; DHI,
Dizziness Handicap Inventory
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Summary
Out of the 17 participants that met the inclusion and exclusion criteria and elected to
participate, 10 participants in the walking group and 5 control were included in the data analysis.
In the walking group, five participants used pedometer-based walking (VRWP) and six
participants used time-based walking (VRW). There were no between-group significant
differences on any of the sociodemographic data. A significant between-group difference
between the walking and control groups was found on the DHI. The length of stay and number of
visits were not significantly different between both groups. The walking group significantly
improved on all primary outcomes while the control group improved on TUG only.
There was an upward trend in both walking and total activity on posttest for VRWP,
VRW and VR, although this declined at the four-weeks follow-up. Only the VRWP group
showed an overall improvement in physical activity on four-weeks follow-up compared to
baseline.
No between and within group difference was found on IPAQ-Walk and IPAQ-Total. All
participants in the VRWP group has high compliance with step recording but moderate
compliance with meeting step goals. The majority of the participants in the VRW group had high
compliance in meeting step goals and step log recording. These differences in meeting step goals
and step log recording were not significant.
The TUG had excellent test-retest reliability. The DHI has a moderate inverse correlation
with mCTSIB and DGI and a fair correlation with TUG (0.396). The MCTSIB, TUG and DGI
accounted for 10% of the variance in the DHI, however, this relationship was not found to be
significant.
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Chapter 5 Discussions
This chapter presents the discussion and interpretation of results, literature review,
implications to practice and future research, limitations and delimitations, and recommendations
for future research.
Discussion and Interpretation of Results
Based on the overall participants’ characteristics, participants who agreed to be in the
study had met the Timed Up and Go (TUG) and Dynamic Gait Index (DGI) cut-off scores at
baseline that indicate risk for falls for community-dwelling older adults. They had a mild
disability from the dizziness (mean Dizziness Handicap Inventory of 25.20). They had a high
baseline physical activity for both IPAQ-walk and IPAQ total, although these levels did not meet
what is considered as health-enhancing physically active (greater than 3000 METSminute/week). Despite higher baseline scores, both groups improved in all primary outcomes.
Significant within-group differences were found in mCTSIB, DHI, DGI and TUG of the walking
group while only the TUG was found significant in the control.
Only the mean difference of DHI was found to have a significant difference between the
walking and control groups. The walking group had moderate disability from dizziness at
baseline while the control group had mild. Although this difference in the baseline level of
disability in dizziness was not significant, this possibly led to a higher mean difference of the
DHI between the pretest and posttest in the walking group. On the contrary, the control group
may have experienced a ceiling effect.
Due to the pragmatic design of this study, there is a high variation in the number of visits
and length of intervention. In this pilot study, the participants were given until the beginning of
their tenth vestibular rehabilitation visit to provide their informed consent. The walking group
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had a higher variation in the length of intervention in weeks (range 4-17 weeks) and number of
visits after signing the informed consent (range of 3-16) compared to the control group (range of
length of intervention in weeks 5-13, number of visits 4-9). First, it appears that the walking
group received more vestibular rehabilitation. It is possible that the longer exposure to vestibular
rehabilitation and walking program led to better outcomes in the walking group. It is also
important to note that the high variation in the number of visits spent performing the prescribed
walking program in the walking group reflect the real-world clinical setting. Physical therapists
make an individualistic approach to the timing of a prescribed walking program based on the
safety, readiness, confidence, and tolerance of vestibular patients.
The pragmatic approach did not disqualify participants who are already utilizing a
pedometer from joining the research or discouraged those who owned pedometers from
discontinuing their use if they belonged to a non-pedometer group. This occurrence is reflective
of what is typically encountered in the clinical setting. Physical therapists typically encourage the
maintenance of a physical active lifestyle of the population they serve.
Based on the TUG scores of this sample, 15 of our 16 subjects in the TUG test-retest
reliability can be categorized as functionally independent older adults (TUG score of less than 20
seconds); while results of the DHI revealed 75% of the participants had a mild disability from
dizziness. This limits the generalization of an excellent test-retest reliability of TUG to highly
functioning and less symptomatic older adults with dizziness. It is uncertain if the same results
will be yield for older adults with dizziness who have higher risks for falls and higher disability
from the dizziness.
The MCTSIB, TUG, and DGI are not significant predictors of mild disability from
dizziness (DHI mean 31.56, SD 22.17). Only the overall scores of DHI were obtained from the
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medical charts after the retrospective chart review. The DHI questionnaires were not available
for view to extract the scores on each of the DHI domains – physical, functional and emotional.
This limited the study to include analysis of the predictive potential of mCTSIB, TUG, and DGI
on each domain.
Objective 1. To evaluate the impact of walking as an exercise component of VR on both primary
and secondary vestibular-specific outcome measures.
Based on the data from this pilot study, individuals who had a prescribed walking
program in the form of a pedometer (VRWP) and timed walking (VRW) to vestibular
rehabilitation had more improvements compared to vestibular rehabilitation only. Our study
found a significant difference in the DHI scores (P=.04) between the intervention and control
groups, although there was a chance of Type II error because of a higher alpha which was 0.05.
Our result is similar to the findings of Johansson et al. who found between-group differences in
the DHI when they added cognitive behavior therapy to VR.54 On the contrary, two previous
studies, one by Hansson et al50 and the other by Krebs et al61 that utilized vestibular
rehabilitation only as an intervention did not find a significant difference between the groups in
the DHI scores.50,61 One possible explanation for finding between group differences in the DHI
when a prescribed walking program was added to VR is that the DHI quantifies not only the
physical impact of dizziness but also its functional and emotional implications in a person. The
prescribed walking program may have contributed to improving the physical, functional and
emotional domains of the DHI.
All participants in this research received vestibular rehabilitation (VR), and all groups
showed improvement in their outcome scores from vestibular rehabilitation. However,
significant differences (P<0.05) were found for all outcome scores in the walking group and only
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on the TUG scores in the control group. The improvement in these scores support studies on the
effectiveness of VR in older adults. Hall et al demonstrated significant improvement in the DGI
scores of older adults with dizziness who performed vestibular adaptation and substitution
exercises49 while Johansson et al showed a significant change in the DHI score in the posttest
following the administration of vestibular rehabilitation with cognitive behavior therapy
program.54
In our study, the mean difference of DGI scores for both walking (2.2 points) and control
(2.8 points) group exceeded the MCID (1.90 points) for community-dwelling older adults101and
the DHI mean difference for the walking group (20.60 points) exceeded the MCD (18 points).83
We are unable to find comparison studies for both mCTSIB and TUG in older adults with
dizziness. It appears that the prescribed walking program in addition to VR has the potential to
create clinically meaningful changes in the vestibular outcome scores. A more robust, multi-site
trial could further explore this finding.
To our knowledge, this is the first study that explored the effectiveness of the prescribed
walking program, either using a pedometer or timed walking, in combination with VR in
improving the vestibular outcomes of dizziness in older adults. General conditioning exercises
were used as comparison intervention to VR in two prior studies on older adults with dizziness.
In both studies, general conditioning demonstrated improvement in the outcomes. Krebs et al
compared outpatient and home VR to outpatient and home isometric strengthening and
conditioning exercises and found that the two groups improved significantly in both the
functional outcomes and DHI and no between-group differences were seen.61 The Horak et al
study was unable to include the nonspecific general exercise group in the statistical analysis due
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to a small number of subjects, however, 75% of the subjects in this group showed a significant
reduction in the dizziness symptom.60
Walking was incorporated in only one study on dizziness in older adults. Ekwall et al
performed a cross-sectional study and utilized questionnaires to determine the relationship of
physical activity and dizziness. They analyzed the variables of dizziness using logistic
regressions and showed that light physical activity, which included short walks reduced the risk
for low physical quality of life in older adults with dizziness.62 Conversely, in our study, walking
is an intervention to dizziness following the Clinical Guidelines for Peripheral Vestibular
Hypofunction. Quality of life was not a part of the outcomes that were tested, but the addition of
walking significantly improved vestibular-specific outcomes.
Objective 2. To evaluate whether pedometers increase the adherence of older adults with
vestibular issues to a walking program.
There is an upward trend in the level of physical activity of most subjects in all groups
when supervised by a clinician. This was shown in the posttest scores for both IPAQ-Walk and
IPAQ-Total. Since all three groups received vestibular rehabilitation, the change in vestibular
symptoms may have contributed to the gains in physical activity. The relationship between
physical activity and dizziness warrants further investigation in a multi-center, large trial focused
on older adults.
On the contrary, the majority of the subjects in all groups declined in the level of physical
activity at a four-weeks follow-up for both IPAQ-Walk and IPAQ-Total. During this stage of the
walking protocol, the subjects in the VRWP and VRW relied on their self-monitoring to
maintain or improve their level of physical activity. According to Tudor-Locke and Lutes, both
coaching and self-monitoring are accepted techniques of walking programs.65 In our study, it was
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observed that the coaching provided by the physical therapists is more effective in influencing
the level of physical activity in older adults with dizziness than self-monitoring. Clinicians such
as physical therapists can have an impact on the health and well-being of their patients by
delivering physical activity interventions that promote adherence and behavior change. Physical
therapists may also consider a collaboration with a wellness or community program that would
encourage continuous coaching and monitoring of physical activity once the patient is discharged
from physical therapy to create long-term behavior change in physical activity.
Tudor-Locke and Lutes65 furthermore reported that successful pedometer interventions
are based on validated treatment. Although both the VRWP and VRW protocols were based on
goalsetting, self-monitoring, and coaching, the result of our study supports the potential of
VRWP to increase the level of physical activity in older adults with dizziness. Overall increase
from baseline was seen on the IPAQ-Walk four-weeks follow-up scores in the VRWP and VRW,
and for the IPAQ-Total four-weeks follow-up scores in the VRWP and VR. The upward trend in
the VRWP affirms the findings of two meta-analyses on the use of a pedometer to increase
physical activity in the older adults and one meta-analysis on the long-term benefits of a
pedometer. Our study supported immediate benefits but not long-term benefits after clinician
monitoring was discontinued.
The highest percentage in step log recording was seen in the VRWP group. Our study did
not encourage nor prohibit participants from synchronizing their Fitbit Zip with their computers
or smartphones and watches. We also did not exclude those who are wearing step monitors from
joining. It is possible that pedometer provided ease and flexibility in recording since this device
could store the information or send this information to another source.
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With step goal compliance, VRWP has moderate compliance while VRW has high. The
goalsetting for VRWP was to achieve 3000 steps by increasing the number of steps by 10% daily
while for VRW, increasing the timed walk by 10% until 30 minutes daily is met. It appears that
the timed walk goal was easier to achieve, most likely because older adults have slower gait,
therefore requiring more time for ambulation.
Objective 3. To establish test-retest reliability of the TUG test on older adults with dizziness.
Based on the ICC value (0.990), the TUG showed excellent reliability. The test-retest
reliability of the TUG for older adults with dizziness is equivalent to that of older adults with
other conditions. Excellent test-retest values of TUG were found in studies of subjects 50 years
or older with dementia (ICC 0.94),74 hip fracture (ICC 0.96),75 Alzheimer’s disease (ICC
0.987),70 and community-dwelling elderly (ICC 0.97).78 All of the studies were conducted
within the same day session except Blankevoort et al on older adults with dementia.74 Due to the
unstable and rapidly changing characteristic of dizziness, a shorter time interval between the two
tests addressed this possible source of systematic difference.
The three trials performed within the same session did not show a learning effect between
the two scored trials. This finding is similar to the Faleide et al on older adults with hip fracture
citing that the ICC of the second and third trials was high.75
TUG has small values for both SEM (0.33) and 95% MDC (0.916). These values were
less than values of older adults with dementia (SEM 2.12, MDC 5.88),74 Alzheimer (SEM 2.48,
MDC 4.09)70 and organ failure (SEM 0.79, MDC 2.19).77
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Objective 4. To investigate if the TUG, DGI, and mCTSIB are significant and strong predictors
of the DHI in older adults with dizziness.
When the subjects were divided into three groups based on their DHI scores (mild,
moderate and severe), significant differences were observed on mCTSIB, TUG, and DGI. This
result affirms the findings of Vereeck et al in their retrospective study of patients with dizziness
in the balance clinic.84 Using pairwise comparisons, we found significant differences only
between the mild and moderate groups. On the contrary, Vereeck et al derived significant
differences between all groups on all balance tests.84 This could be explained by the differences
between the two studies: age, the number of total and between-group samples and etiology. The
mean age in Vereeck et al study was 53.9 with a range of 23-87 years, and there was a betweengroup significant difference for age.84 Mean age for each category were as follows: mild 49.9
years(n=100), moderate 57.1 years (n=76), severe 58.5 years (n=38). Also, they included both
vestibular and nonvestibular causes of dizziness and a few cases of central origin.84 Conversely,
our sample is composed of a homogenous group representing older adults with dizziness (mean
age 77.59 years). Although the homogeneity resulted in no significant difference between the
three groups when it comes to age, this narrowed down our target patients. We also excluded
dizziness of central origin; thus, our total number of subjects is lower. Our severe group is
composed of four patients only, which possibly contributed to the lack of significant difference
between the mild-severe and moderate-severe group. It would be interesting to see if the findings
found in this study are replicated in a larger, multi-site trial of older adults with peripheral
vestibular dysfunction.
Prior research showed fair relationships between DHI and static balance, and moderate
relationships between DHI and walking tests. Using Spearman rank, Vereeck et al established a
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fair relationship between DHI and static balance measures and moderate relationship between
DHI and TUG, 10-meter walk test and DHI.84 Gill-Body et al performed correlation using
Pearson product moment and found a fair relationship between DHI and Sensory Organization
Test conditions 1 and 3 and feet together with eyes closed, and moderate relationship between
DHI and TUG.81 Our study has seen a similar result for the balance test (mCTSIB -.381) but not
for walking test (TUG .396, DGI -.322) in older adults with dizziness. TUG and DGI have fair
relationships with DHI. It is possible that the gait instability experienced by the older adults
could be multifactorial in nature, rather than being related mainly to dizziness. Compared with
the younger population in both studies (age range 20 to 92 years old),81,84 age-related decline in
walking performances could also contribute to this discrepancy in results.
In our study, mCTSIB, TUG, and DGI are not significant predictors (p=.2639) of the
DHI in older adults with dizziness. These results must be taken into account with the limitations
of the small sample size. This result contrasts with two previous studies that utilized
heterogeneous samples of adults and older adults. In those studies, stepwise linear regressions
revealed 42% of the variance of DHI for patients visiting the balance clinic between ages 23 to
87 years old (mean 53.9, n=214)) to be accounted by DGI,80 and 78% of the variance of DHI in
patients with bilateral vestibular hypofunction between ages 20 to 92 years old (mean 62.5,
n=44) to be accounted for by 2 measures of balance impairment and modified TUG.81 Thus, in
older adults, predictors other than balance and walking tests should to be explored. In fact, in the
final logistic model of Droos et al, factors most predictive of dizziness in older adults were
chronic dizziness greater than 6 months, standing still, trouble with walking, polypharmacy,
absence of diabetes, anxiety, or depressive disorder, impaired functional mobility, and TUG.80
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Implications for Practice and Further Research
To our knowledge, this is the first study that applied the interventions stated in the
Clinical Guidelines for Peripheral Vestibular Hypofunction. Utilizing vestibular rehabilitation
alone may not fully address the multidimensional effects of dizziness. It appears that the
prescribed walking program in addition to VR has the potential to create clinically meaningful
changes in the vestibular outcome scores such as TUG, mCTSIB, DGI, and DHI. Clinicians may
consider using vestibular rehabilitation in combination with other interventions such as a
prescribed walking program to achieve an optimal DHI outcome.
Physical therapists can have an impact on the health and well-being of their patients by
delivering physical activity interventions that promote adherence and behavior change. In older
adults with dizziness, those who have a lower risk for falls, mild disability from dizziness and
high baseline physical activity are more likely to participate in a prescribed walking program. In
this pilot study, the generalization of results to those who are higher risk for falls, more
symptomatic, less motivated and fearful is limited since this population was not represented.
Further research should explore mechanisms on how to recruit the participation of those who are
physically inactive because of high risk for falls, more dizziness symptoms, less motivation and
fear of falling.
Physical therapists that treat older adults with vestibular issues can feel confident that
their TUG findings are consistent within a patient. Two trials of TUG are sufficient, and a third
trial is unnecessary for older adults with dizziness. The MDC of TUG can be used as a reference
for goal setting and clinical interpretations of results.
The effects of dizziness in older adults are multidimensional. The DHI is an outcome
measure that can reflect the physical, psychosocial and emotional impact of dizziness. Our study
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suggests for clinicians to combine physical and functional tests with other assessments such as
clinical history to explore the predictors of dizziness.
Limitations and Delimitations
A primary limitation of this pilot study is the low number of subjects. It was more likely
for type II error to occur in the comparisons of sociodemographic data and baseline outcome
scores between groups. Significant within-group differences were found on the pretest and
posttest scores of the walking group and TUG of the control group. Type I error may have been
committed because the alpha was set at 0.05. A smaller alpha level or posthoc analysis could
have avoided this error.
The IPAQ, the only outcome measure for physical activity used in this study, is a
questionnaire and is subjective. It is also based on the ability of the subjects to recall their
physical activity. It is unknown if the same results would have been obtained using objective
measures of physical activity.
The participants were selected through sampling by convenience. There was an unequal
distribution of participants based on the DHI severity. Therefore, the generalization of results of
TUG test-retest and predictors of disability from dizziness is limited among the older adults with
mild and moderate dizziness respectively.
Lastly, the data for the fourth objective was extracted from the medical charts of
participants retrospectively, thus, it was no longer possible to address the threats to internal
validity that arise from the administration of tests.
Recommendations for Future Research
For future research, we recommend a multicenter research design for a larger sample
size. This will allow for equal representation of subjects with mild, moderate and severe
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disability from dizziness, and can improve the generalizability of the findings. We also suggest
the addition of an objective measure that quantifies the level of physical activity in conjunction
with the IPAQ questionnaire. Further analysis can be performed on the relationship between
physical activity and dizziness outcome measures.
To improve the validity of the study, stratification sampling based on the DHI severity
score and a prospective design for predictors of dizziness may be a better methodology than a
retrospective chart review. Statistical analysis can be performed on the subscores on each of the
DHI domains – physical, functional and emotional to check the predictive potential of mCTSIB,
TUG, and DGI on each domain. Finally, given a larger sample size, more predictors other than
balance and walking tests should be entered in the regression model for older adults with
dizziness. These can include clinical and medical history and demographic variables.
Conclusion
A prescribed walking program in vestibular rehabilitation significantly improved
outcomes on the DGI, DHI, and MCTSIB when compared to VR alone in this pilot study. The
TUG significantly improved in both groups. The addition of walking to VR did not impact the
length of interventions and the number of visits. Giving pedometers and instruction for daily
walking to patients with vestibular problems increased overall walking and physical activity
compared to those patients who only received instructions to walk without a pedometer. The testretest reliability of the TUG for older adults with dizziness is equivalent to that of older adults
without dizziness. In this limited sample size, the TUG, DGI, and mCTSIB tests are not strong
predictors of scores on the DHI for older adults with vestibular dysfunction.
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Florida Hospital
Institutional Review Board
901 N. Lake Destiny Road
Suite 400
Maitland, FL 32751
Telephone: (407) 303-5581
Fax: (407) 303-2567
FWA: 00002060
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To: Amie Marie Jasper, DPT
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In conducting this study, you are required to follow the requirements in "INVESTIGATOR
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Appendix C. Letter of Invitation
“CAN A PRESCRIBED WALKING PROGRAM WITH OR WITHOUT MONITORING
IMPACT DIZZINESS IN OLDER ADULTS?”
Date: ____________________
Dear _____________________,
Our outpatient department is conducting a study on the effects of a prescribed walking program in older
adults with dizziness. If you are referred to physical therapy for vestibular therapy and you met the
following criteria, you may be eligible to participate:
ü
ü
ü
ü
ü

age 65 years or older
referred for physical therapy evaluation for symptoms of dizziness, postural instability, or both;
able to walk without physical help of another person
Can follow directions in the English language
Agree to participate in a phone interview four weeks after discharge from physical therapy.

Your participation may provide us valuable information and greater understanding on the following:
1. Study the impact of walking as an exercise in addition to balance treatment on dizziness;
2. Find out whether pedometers will help older adults with dizziness stick to a walking program;
3. Study how consistent the test called the “Timed up and Go” is in people who are dizzy, and
4. Find out if any tests such as the “Timed up and Go” can predict scores on a tool called the Dizziness
Handicap Inventory.
Participants in the study will be randomized to either a standard treatment only group or standard
treatment plus a walking program which includes receiving and using a pedometer. There is no
compensation for participating in this study, however, some participants in the study may experience
benefit from the walking group. This study has been approved by the NOVA Southeastern University's
and Florida Hospital's Institutional Review Board (IRB).
If you are interested to participate, you can let your treating physical therapist and me know a day and
time that is convenient and we will discuss with you the informed consent form.
Your information in this study will be kept confidential, unless disclosure is required by law. If you have
any questions please do not hesitate to contact me or the principal investigator, Amie Jasper at 305-9344508 or amiemarie.jasper@flhosp.org.
Thank you,
Name: Trevor Hicks
Study Coordinator
Phone: 407-303-7600 option 4
Email: trevor.hicks@flhosp.org
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Appendix D. Fitbit Zip Instruction
FITBIT ZIP INSTRUCTION
The Fitbit Zip is a touch screen. Whenever you touch
the screen, the display will show you the following:
•

Steps taken

•

Calories burned

•

Distance traveled

•

A clock

•
The Fitbit Smiley, which highlights your recent
activity level.
There is no power button. The Fitbit Zip will go to
sleep after approximately 20 seconds if no steps are recorded. Once your Zip is asleep,
its display will remain off until moved.
Wearing your Zip
Zip is most accurate when worn on or very close to the body. Wear your zip on or below
your waist such as belt, waistband, or in your trousers' pocket, during waking
hours, all day, except for bathing or swimming. A clip that has been designed to
keep your tracker clipped to your clothing is provided with your Zip package.
There is no charging time. Fitbit Zip uses a replaceable watch battery that can last up to
6 months.
Wear your Fitbit Zip daily and record on your step log your number of steps shown on
the step display at the end of each day. You will show your daily step log to your
therapist every visit.
ALWAYS REMEMBER WHERE YOU PUT YOUR FITBIT ZIP SO YOU DON’T
DAMAGE (SUCH AS PLACING IT IN YOUR WASHER WITH YOUR CLOTHES) OR
MISPLACE IT.
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Appendix E. VRWP Step Log
Name: _____________________________________________________
Instruction: Walk more each day at least 3,000 steps using your pedometer. Increase your steps
at least 10% daily until you achieve 3,000 steps. Walk at least more than ten minutes at a time.
Record your total number of steps shown on the step display of your Fitbit Zip at the end of the
day on your step log. Show your step log to your therapist every visit.
Date

Number
of Steps

Date

Number
of Steps

Date
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Number
of Steps

Date

Number
of Steps

Appendix F. VRW Step Log
Name: _____________________________________________________
Instruction: Walk more daily at least 10 minutes at a time. Increase your time at least 10% daily
until you achieve at least 30 minutes of walking each day. Record your total time spent in
walking at the end of the day on your walking log. Show your walking log to your therapist
every visit.
Date

Number
of Steps

Date

Number
of Steps

Date
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Date

Number
of Steps

Appendix G. Dizziness Handicap Inventory

P1
E2
F3
P4
F5
F6

F7
F8

E9
E10
P11
F12
P13
F14
E15
F16
P17
E18
F19
E20
E21

Questions
Does looking up increase your problem?
Because of your problem, do you feel frustrated?
Because of your problem, do you restrict your travel for
business or pleasure?
Does walking down the aisle of a supermarket increase
your problem?
Because of your problem, do you have difficulty getting
into or out of bed?
Does your problem significantly restrict your participation
in social activities, such as going out to dinner, going to
movies, dancing or to parties?
Because of your problem, do you have difficulty reading?
Does performing more ambitious activities like sports,
dancing, and household chores, such as sweeping or
putting dishes away; increase your problem?
Because of your problem, are you afraid to leave your home
without having someone accompany you?
Because of your problem, have you been embarrassed in
front of others?
Do quick movements of your head increase your problem?
Because of your problem, do you avoid heights?
Does turning over in bed increase your problem?
Because of your problem, is it difficult for you to do
strenuous housework or yard work?
Because of your problem, are you afraid people may think
that you are intoxicated?
Because of your problem, is it difficult for you to go for a
walk by yourself?
Does walking down a sidewalk increase your problem?
Because of your problem, is it difficult for you to
concentrate?
Because of your problem, is it difficult for you to walk
around your house in the dark?
Because of your problem, are you afraid to stay home
alone?
Because of your problem, do you feel handicapped?
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Always Sometimes

No

E22 Has your problem placed stress on your relationship with
members of your family or friends?
E23 Because of your problem, are you depressed?
F24 Does your problem interfere with your job or household
responsibilities?
P25 Does bending over increase your problem?
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Appendix H. Timed Up and Go Test

Timed Up and Go (TUG) Test
Name:___________________________ MR: ______________________
1. Equipment: arm chair, tape measure, tape, stop watch.

Date:________

2. Begin the test with the subject sitting correctly (hips all of the way to the back of the seat) in a

chair with arm rests. The chair should be stable and positioned such that it will not move when
the subject moves from sit to stand. The subject is allowed to use the arm rests during the sit –
stand and stand – sit movements.
3. Place a piece of tape or other marker on the floor 3 meters away from the chair so that it is

easily seen by the subject.
4. Instructions: “On the word GO you will stand up, walk to the line on the floor, turn around

and walk back to the chair and sit down. Walk at your regular pace.
5. Start timing on the word “GO” and stop timing when the subject is seated again correctly in

the chair with their back resting on the back of the chair.
6. The subject wears their regular footwear, may use any gait aid that they normally use during

ambulation, but may not be assisted by another person. There is no time limit. They may stop
and rest (but not sit down) if they need to.
7. Normal healthy elderly usually complete the task in ten seconds or less. Very frail or weak

elderly with poor mobility may take 2 minutes or more.
8. The subject should be given a practice trial that is not timed before testing.
9. Results correlate with gait speed, balance, functional level, the ability to go out, and can follow

change over time.
Normative Reference Values by Age
1

Age Group

Time in Seconds (95% Confidence Interval)

60 – 69 years

8.1

(7.1 – 9.0)

70 – 79 years

9.2

(8.2 – 10.2)

80 – 99 years

11.3

(10.0 – 12.7)

Cut-off Values Predictive of Falls by
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Group

Time in Seconds

Community Dwelling Frail Older Adults
Post-op hip fracture patients at time of 2
discharge3

> 14 associated with high fall risk
> 24 predictive of falls within 6 months after hip
fracture

Frail older adults

> 30 predictive of requiring assistive device for
ambulation and being dependent in ADLs

Date

Time

Date

Time

Date

Time

Date

Time
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Appendix I. Modified Clinical Test of Sensory Integration of Balance
FALL PROOF PROGRAM: CENTER FOR SUCCESSFUL AGING, CAL STATE
FULLERTON

Modified Clinical Test of Sensory Interaction in Balance
(CTSIB-M)
*Administer only one trial per condition if participant able to complete first trial without loss of balance.

Condition One:

Condition Two:

Condition Three:

Condition Four:

Eyes Open, Firm Surface
Trial One
Trial Two
Trial Three

Total Time: _______ /
Total Time: _______ /
Total Time: _______ /

30 sec
30 sec
30 sec

Eyes Closed, Firm Surface
Trial One
Trial Two
Trial Three

Total Time: _______ /
Total Time: _______ /
Total Time: _______ /

30 sec
30 sec
30 sec

Eyes Open, Foam Surface
Trial One
Trial Two
Trial Three

Total Time: _______ /
Total Time: _______ /
Total Time: _______ /

30 sec
30 sec
30 sec

Eyes Closed, Foam Surface
Trial One
Trial Two
Trial Three

Total Time: _______ /
Total Time: _______ /
Total Time: _______ /

30 sec
30 sec
30 sec

TOTAL:

120

_______ /

sec
Purpose of Test:
This test is designed to assess how well an older adult is using sensory inputs when one or more sensory
systems are compromised. In condition one, all sensory systems (i.e., vision, somatosensory, and
vestibular) are available for maintaining balance. In condition two, vision has been removed and the
older adult must rely on the somatosensory and vestibular systems to balance. In condition three, the
somatosensory system has been compromised and the older adults must use vision and the vestibular
system to balance. In condition four, vision has been removed and the somatosensory system has been
compromised. The older adults must not rely primarily on the vestibular inputs to balance.
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Begin timing each trial using a stopwatch. The trial is over when (a) the participant opens his/her
eyes in an eyes closed condition, (b) raises arms from sides, (c) loses balance and requires manual
assistance to prevent a fall.
This test provides some insight into whether each of the sensory system available for balance are being used
effectively. Failure to maintain balance in condition two indicates that the older adults is visually dependent. They
are not using somatosensory inputs to maintain balance when eyes are closed. Failure to maintain balance in
conditions 3 and 4 indicate that the visual and/or vestibular system is not being used to maintain balance. Poor
performance on this test would suggest the need for multisensory training if the medial history does not indicate that

FALL PROOF PROGRAM: CENTER FOR SUCCESSFUL AGING, CAL STATE
FULLERTON
an actual problem(s) exists (e.g., peripheral neuropathy will affect our ability to use somatosensory inputs, etc.). Check
medical history to determine whether the participants has a history of inner ear infections or an inner ear disorder (e.g.,
meniere’s disease, acoustic neuroma, etc.)
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Appendix J. Dynamic Gait Index

Dynamic Gait Index
Description:
Developed to assess the likelihood of falling in older adults. Designed to test eight facets of
gait.
Equipment needed: Box (Shoebox), Cones (2), Stairs, 20’ walkway, 15” wide Completion:
Time:15 minutes
Scoring: A four-point ordinal scale, ranging from 0-3. “0” indicates the lowest level of
function and “3” the highest level of function.
Total Score = 24
Interpretation: < 19/24 = predictive of falls in the elderly > 22/24 = safe ambulators
Gait level surface _____
Instructions: Walk at your normal speed from here to the next mark
(20’) Grading: Mark the lowest category that applies.
(3)
Normal: Walks 20’, no assistive devices, good sped, no evidence for imbalance, normal
gait pattern (2)
Mild Impairment: Walks 20’, uses assistive devices, slower speed, mild
gait deviations.
(1) Moderate Impairment: Walks 20’, slow speed, abnormal gait pattern, evidence for
imbalance.
(0)Severe Impairment: Cannot walk 20’ without assistance, severe gait deviations or imbalance.

(3)

(1)

Change in gait speed _____
Instructions: Begin walking at your normal pace (for 5’), when I tell you “go,” walk as fast as
you can (for 5’). When I tell you “slow,” walk as slowly as you can (for 5’).
Grading: Mark the lowest category that applies.
Normal: Able to smoothly change walking speed without loss of balance or gait deviation.
Shows a significant difference in walking speeds between normal, fast and slow speeds.
(2) Mild Impairment: Is able to change speed but demonstrates mild gait deviations, or not gait
deviations but unable to achieve a significant change in velocity, or uses an assistive device.
Moderate Impairment: Makes only minor adjustments to walking speed, or accomplishes a
change in speed with significant gait deviations, or changes speed but has significant gait
deviations, or changes speed but loses balance but is able to recover and continue walking.
(0)Severe Impairment: Cannot change speeds, or loses balance and has to reach for wall or be
caught.
Gait with horizontal head turns _____
Instructions: Begin walking at your normal pace. When I tell you to “look right,” keep walking
straight, but turn your head to the right. Keep looking to the right until I tell you, “look left,”
then keep walking straight and turn your head to the left. Keep your head to the left until I tell
you “look straight,“ then keep walking straight, but return your head to the center.
Grading: Mark the lowest category that applies.
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(2)
(1)

(2)
(1)

(1)

(3) Normal: Performs head turns smoothly with no change in gait.
Mild Impairment: Performs head turns smoothly with slight change in gait velocity, i.e., minor
disruption to smooth gait path or uses walking aid.
Moderate Impairment: Performs head turns with moderate change in gait velocity, slows
down, staggers but recovers, can continue to walk.
(0)
Severe Impairment: Performs task with severe disruption of gait, i.e.,
staggers
outside 15” path, loses balance, stops, reaches for wall.

Gait with vertical head turns _____
Instructions: Begin walking at your normal pace. When I tell you to “look up,” keep walking
straight, but tip your head up. Keep looking up until I tell you, “look down,” then keep walking
straight and tip your head down. Keep your head down until I tell you “look straight,“ then
keep walking straight, but return your head to the center.
Grading: Mark the lowest category that applies.
(3) Normal: Performs head turns smoothly with no change in gait.
Mild Impairment: Performs head turns smoothly with slight change in gait velocity, i.e., minor
disruption to smooth gait path or uses walking aid.
Moderate Impairment: Performs head turns with moderate change in gait velocity, slows
down, staggers but recovers, can continue to walk.
(0)
Severe Impairment: Performs task with severe disruption of gait, i.e.,
staggers
outside 15” path, loses balance, stops, reaches for wall.
Gait and pivot turn _____
Instructions: Begin walking at your normal pace. When I tell you, “turn and stop,” turn as
quickly as you can to face the opposite direction and stop.
Grading: Mark the lowest category that applies.
(3) Normal: Pivot turns safely within 3 seconds and stops quickly with no loss of balance.
(2) Mild Impairment: Pivot turns safely in > 3 seconds and stops with no loss of balance.
Moderate Impairment: Turns slowly, requires verbal cueing, requires several small steps to
catch balance following turn and stop.
(0)Severe Impairment: Cannot turn safely, requires assistance to turn and stop.
Step over obstacle ____
Instructions: Begin walking at your normal speed. When you come to the shoebox, step over
it, not around it, and keep walking.
Grading: Mark the lowest category that applies.
(3) Normal: Is able to step over the box without changing gait speed, no evidence of
imbalance.
88

(2)Mild Impairment: Is able to step over box, but must slow down and adjust steps to clear box
safely.
Moderate Impairment: Is able to step over box but must stop, then step over. May require
verbal cueing.
(0)Severe Impairment: Cannot perform without assistance.

(1)

Step around obstacles _____
Instructions: Begin walking at normal speed. When you come to the first cone (about 6’
away), walk around the right side of it. When you come to the second cone (6’ past first cone),
walk around it to the left.
Grading: Mark the lowest category that applies.
Normal: Is able to walk around cones safely without changing gait speed; no evidence of
imbalance.
Mild Impairment: Is able to step around both cones, but must slow down and adjust steps to
clear cones.
Moderate Impairment: Is able to clear cones but must significantly slow, speed to accomplish
task, or requires verbal cueing.
Severe Impairment: Unable to clear cones, walks into one or both cones, or requires physical
assistance.

(3)
(2)
(1)
(0)

Steps _____
Instructions: Walk up these stairs as you would at home, i.e., using the railing if necessary. At
the top, turn around and walk down.
Grading: Mark the lowest category that applies.
(3) Normal: Alternating feet, no rail.
(2) Mild Impairment: Alternating feet, must use rail.
(1)Moderate Impairment: Two feet to a stair, must use rail.
(0) Severe Impairment: Cannot do safely.

TOTAL SCORE: ___ / 24
1.

References:
Herdman SJ. Vestibular Rehabilitation. 2nd ed. Philadelphia, PA: F.A.Davis Co; 2000.

2.

Shumway-Cook A, Woollacott M. Motor Control Theory and Applications, Williams and Wilkins Baltimore, 1995: 323-324 Page 2 of

89

Appendix K. International Physical Activity Questionnaire
INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE
IPAQ-E (English version)
1. The first question is about the time you spent sitting during the last 7 days. Include time spent at
work, at home, while doing course work and during leisure time. This may include time spent
sitting at a desk, visiting friends, reading, or sitting or lying down to watch television.
During the last 7 days, how much time did you spend sitting during a day?
____ hours ___ minutes

2 Think about the time you spent walking in the last 7 days. This includes at work and at home,
walking to travel from place to place, and any other walking that you might do solely for
recreation, sport, exercise, or leisure.
During the last 7 days, on how many days did you walk for at least 10 minutes at a time?
________ Days
those days?
or
No day

How much time did you usually spend walking on one of

____ hours ___ minutes

3. During the last 7 days, on how many days did you do moderate physical activities like
gardening, cleaning, bicycling at a regular pace, swimming or other fitness activities.
Think only about those physical activities that you did for at least 10 minutes at a time. Do not
include walking.

________ Days

How much time did you usually spend doing moderate
physical activities on one of those days?
or
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No day

____ hours ___ minutes

4. During the last 7 days, on how many days did you do vigorous physical activities like heavy
lifting, heavier garden or construction work, chopping woods, aerobics, jogging/running or fast
bicycling?
Think only about those physical activities that you did for at least 10 minutes at a
time.
________ Days

How much time did you usually spend doing vigorous
physical activities on one of those days?

or
No day

____ hours ___ minutes

IPAQ-E (English version)
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